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ABSTRACT 


\ 

Current  measurements  of  ionospheric  electron  densities  are 
accurate  but  limited  in  scope.  Present  measurement  techniques 
are  land-based  and  the  resulting  data  is  not  global  in  nature. 
Scientists  at  the  Naval  Postgraduate  School  (NPS)  and  the 
Naval  Research  Laboratory  (NRL)  are  working  on  a  joint 
research  project  to  develop  a  technique  to  determine  global 
ionospheric  electron  densities  from  satellite  platforms.  NPS 
developed  a  middle  ultraviolet  spectrograph  with  wavelength 
coverage  of  1800  to  3400  A.  This  thesis  developed  the 
integration  package  that  linked  the  spectrograph  analog  data 
to  the  Aydin  Vector  MMP-600  PCM  Encoder.  The  integration 
package  provided  analog-to-digital  conversion  of  the  data, 
data  storage  for  the  digital  data,  and  synchronization  of  the 
data  collection  and  data  transmission  operations.  Testing 
equipment  was  also  developed  to  support  laboratory  calibration 
and  in-place  testing  of  the  instrument.  The  test  equipment 
provides  computer  generated  synchronization  signals  and 

digital  data  acquisition.  "i  [,  ,  /?,  ^ 

l  s  ~ 
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I.  INTRODUCTION  (Ref.  11 

On  March  21,  1986,  the  Joint  Chiefs  of  Staff  issued  a 
memorandum  (MJCS  154-86)  which  listed  the  prioritization  of 
research  requirements  for  defense  environmental  satellites. 
Measurement  of  the  electron  density  of  the  Earth's  ionosphere 
ranked  fifth  on  this  list  of  fifty  requirements.  Knowledge 
of  ionospheric  electron  density  is  essential  for  the 
development  of  many  high  frequency  (HF)  military  systems. 
Ongoing  research  is  presently  being  conducted  in  the  following 
areas: 

-  HF  radio  communications 

-  Over-The-Horizon  (OTH)  radar 

-  Ballistic  Missile  Early  Warning  System  ( BMEWS ) 

-  Ground  Wave  Emergency  Network  (GWEN) . 

The  above-mentioned  systems  all  require  an  in-depth  knowledge 
of  global  electron  densities,  as  these  systems  rely  on  the 
ionosphere's  ability  to  reflect  and  bend  HF  electromagnetic 
waves.  Current  measurements  of  the  ionospheric  electron 
densities  are  accurate  but  limited  in  scope.  Measurements  are 
obtained  from  either  ground-based  radar  stations  or  ionosonde 
stations.  Presently,  twenty  ionosonde  stations  located 
primarily  in  North  America  provide  limited  electron  density 
data.  Current  data  is  not  global  in  nature  and  to  obtain 
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global  data  with  current  operational  systems  is  economically 
and  politically  unfeasible. 

Satellites  provide  one  method  to  measure  global  electron 
densities.  Satellite-based  ionosondes  (topside  sounders)  are 
impractical  due  to  large  size  and  power  requirements. 
Although  active  sensing  is  technically  prohibitive,  space- 
based  systems  have  successfully  employed  energy  and  weight 
efficient  passive  techniques.  Scientists  at  the  Naval 
Research  Laboratory  (NRL)  are  investigating  a  passive 
technique  for  inferring  electron  densities  in  the  F2  region 
of  the  ionosphere  by  measuring  the  O*  emissions  at  a 
wavelength  834  A  (1  A  =  10‘10  meters)  .  The  measurement  is 
expected  to  provide  accurate  data  above  an  altitude  of  2  00  1cm. 

Below  the  altitude  of  200  km,  02*  and  NO*  become  the 
dominant  ions  in  the  regions  known  as  the  D-,  E-,  and  Fl- 
layers.  The  Naval  Postgraduate  School  (NPS)  is  investigating 
a  method  for  inferring  the  electron  densities  at  altitudes 
below  200  km.  The  technique  involves  the  measurement  of  the 
neutral  species  N2,  02,  0,  NO,  and  N.  Photochemical  models  of 
the  ionosphere  have  shown  that  these  neutral  species  are 
chemically  coupled  with  02*  and  NO*.  The  E-region  electron 
density  can  be  accurately  inferred  from  a  knowledge  of  the 
neutral  species  density. 

Dedicated  research  at  both  NRL  and  NPS  has  resulted  in  the 
approval  of  a  National  Aeronautics  and  Space  Administration 
(NASA)  rocket  experiment  (36.053E).  The  launch  is  scheduled 
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for  February  1990  at  White  Sands  Missile  Range  in  New  Mexico. 
Using  a  two-stage  Terrier-Black  Brant  launch  vehicle,  the 
rocket  is  expected  to  reach  a  maximum  altitude  of  3  50  km.  Two 
instruments  will  be  flown  on  the  experiment.  The  NRL- 
sponsored  instrument,  named  HIRAAS,  is  a  0.5  m  Rowland  Circle 
Spectrograph  with  wavelength  coverage  of  500  A  to  1500  A.  The 
NPS-sponsored  instrument,  named  MUSTANG,  is  a  middle 
ultraviolet  spectrograph  with  wavelength  coverage  of  1800A  to 
3400  A.  The  spectrograph  is  a  1/8  m  Ebert-Fastie  with  a 
micro-channel  plate  (MCP)  image  intensifier  and  a  512  linear 
array  detector.  The  instruments  will  obtain  data  between  the 
altitude  of  100  and  350  km.  Data  from  the  NPS  MUSTANG 
experiment  will  be  telemetered  to  the  ground  station.  The  NRL 
HIRAAS  instrument  will  record  its  data  on  electrographic  film 
which  will  be  recovered  at  completion  of  the  flight. 

The  development  and  integration  of  MUSTANG  required  close 
interfacing  with  NRL,  NASA  (Goddard  Space  Center) ,  and 
Research  Support  Instruments  (RSI- instrument  construction) . 
Figure  1.1  illustrates  the  integrated  MUSTANG/HIRAAS 
experiment  positioned  in  the  payload  section  of  the  launch 
vehicle.  The  evolution  of  Mustang  into  an  integrated  flight 
experiment  is  documented  in  Chapters  II-V  of  this  thesis. 

Chapter  II  discusses  the  operational  characteristics  of 
the  NASA  provided  telemetry  package  and  the  RSI  detector  and 
support  components. 


Chapter  III  discusses  the  design  interface  required  to 
couple  the  detector  to  the  telemetry  package. 

Chapter  IV  discusses  bench  check  equipment  (BCE) 
interfacing  and  development. 

Chapter  V  discusses  interface  board  fabrication, 
construction,  integration  and  testing. 

Chapter  VI  presents  conclusions  and  recommendations  for 
future  projects. 
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II.  DESIGN  CHARACTERISTICS  OF  MANUFACTURED 
PLIGHT  COMPONENTS 

MUSTANG  development  is  based  on  modular  construction 
ensuring  a  cost-effective/ flexible  instrument  that  can  be 
operated  in  a  variety  of  experimental  environments. 
Currently,  the  instrument  is  configured  to  operate  within  the 
constraints  of  the  sounding  rocket  experiment.  With  minor 
modifications,  the  instrument  could  be  fitted  to  a  space 
shuttle  experiment  or  the  instrument  could  be  utilized  in 
support  of  a  laboratory  experiment.  The  MUSTANG  electronics 
can  be  divided  into  four  subsystems:  the  detector,  the 
interface  board,  the  power  supplies,  and  the  PCM  encoder  (see 
Figure  2.1).  All  the  subsystems,  with  the  exception  of  the 
interface  board,  will  be  described  in  this  chapter.  Chapter 
III  will  consider  the  design  requirements  of  the  interface 
board. 


A.  PCM  ENCODER  SUBSYSTEM  [Ref.  3] 

1.  Configuration 

The  PCM  encoder  has  flown  on  more  than  70  sounding 
rockets  without  an  in-flight  anomaly.  The  encoder  utilizes 
the  Aydin  Vector  MMP-600  Series  micro-miniature  PCM  system. 
Characteristics  of  the  system  include  small  size  (light) ,  low 
power  consumption,  and  programmable  flexibility.  Designed  as 
a  modular  system,  the  encoder  allows  for  a  variety  of 
configurations  to  meet  the  control  and  data  dissemination 
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Figure  2.1  Block  Diagram  of  Mustang  Subsystems 

requirements  of  the  experiment.  Each  encoder  "stack"  consists 
of  two  groups  of  modules.  A  typical  PCM  stack  is  shown  in 
Figure  2.2.  Group  I  modules  are  required  for  all 
configurations.  Group  II  modules  are  selected  based  on  the 
requirements  of  the  experiment. 
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Figure  2.2  Example  of  PCM  Stack  [Ref.  3:p.  2] 
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a.  Group  I  Modules 

One  each  of  the  modules  listed  below  are  required 
in  every  PCM  system. 

(1)  PX-628  Power  Supply.  The  power  supply  module 
requires  a  source  voltage  of  28+4  v  and  provides  regulated 
28  v  to  the  remainder  of  the  PCM  encoder  system.  The  system 
oscillator  is  located  inside  the  power  supply  module. 
Selection  of  the  oscillator  frequency  is  accomplished  by 
manipulating  a  set  of  jumpers  found  on  the  external  connector 
of  the  module.  For  this  experiment,  the  oscillator  frequency 
is  set  to  200  kbits/sec  ensuring  that  the  maximum  clockrate 
of  the  detector  (250  kHz)  is  not  exceeded.  The  bit  clock  is 
a  0  to  +5  v  pulse  train  that  is  CMOS-  and  low  power  TTL- 
compatible. 

(2)  PR-614  PT-ogrammar.  The  programmer  module 
houses  the  control  circuit.  The  programmer  executes  the 
software  program  that  has  been  entered  into  the  256x8  erasable 
programmable  read-only  memory  (EPROM)  and  controls  the  timing 
and  operation  of  the  entire  system.  MUSTANG  utilizes  the 
timing  control  of  the  PCM  encoder  to  synchronize  its  operation 
(more  thoroughly  discussed  in  Chapter  III) . 

(3)  FM-618  Formatter.  The  formatter  module, 
controlled  by  the  programmer,  takes  digitized  data  and  merges 
it  with  frame  synchronization  words.  The  data  undergoes 
parallel  to  serial  conversion  to  provide  the  proper  data 
format  for  the  timer. 
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(4)  TW-6i,$P...  Timey.  The  timer  module  accepts 
serial  data  from  the  formatter  and  encodes  this  data  into  the 
required  PCM  data  format  (Bi-O-L)  .  The  data  format  is 
selected  by  setting  jumpers  located  on  the  external  input 
connector.  Word  format  is  also  selectable  on  the  input 
connector  and  is  currently  selected  to  10  bits/word. 
Interfacing  the  encoder  timing  signals  to  external  circuits 
is  accomplished  by  utilizing  an  external  output  connector. 
The  following  output  signals  may  be  accessed: 

-  NRZ-L  output 

-  Bi-O-L  output 

-  NRZ-L  primary  output 

-  Major  Frame  synchronization 

-  Bi-O-L  primary  output 

-  Premodulation  filter  output 

-  Inverted  2x  bit  clock (0-10v) 

-  2x  bit  clock 

-  Bi-O/NRZ ,  mark/ space  coded  output 

-  Inverted  Bi-O/NRZ,  mark/space  coded  output 

-  Inverted  bit  clock 

-  Minor  frame  synchronization 

-  Word  clock 

-  Bit  clock. 

(5)  EP-612  End  Plate.  The  end  plate  terminates 
the  PCM  stack  on  the  end  opposite  the  power  supply.  The  EPROM 
is  housed  inside  the  module  and  access  is  obtained  through  a 
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removable  cover.  The  EPROM  is  socketted  (contrary  to  the 
standard  practice  of  soldering)  to  allow  for  EPROM  reuse. 

b.  Group  II  Modules 

Group  II  modules  are  optional  and  are  added  to 
support  the  unique  data  requirements  of  the  experiment.  The 
modules  listed  below  either  support  MUSTANG  uniquely  or 
support  MUSTANG  and  HIRAAS  collectively. 

(1)  PD- 62 9  Digital  Parallel  Multiplexer  with  Two 
Enables.  The  PD-629  module  has  the  capability  of  accepting 
three  independent  channels  of  parallel  words  consisting  of 
10  bits/word.  The  multiplexer  is  controlled  by  the  program 
loaded  into  the  EPROM.  The  experiment  will  fly  two  modules 
allowing  for  the  direct  integration  of  six  channels  of  digital 
data.  MUSTANG  will  exclusively  utilize  one  channel  for  the 
transmission  of  experimental  data.  The  remainder  of  the 
channels  will  be  utilized  for  programmed  events  not  associated 
with  MUSTANG.  Each  module  is  referenced  with  an  unique 
address  that  is  recognized  by  the  EPROM.  The  address  is 
programmed  by  setting  jumpers  located  on  the  external  input 
connector  of  the  module.  Two  of  three  input  channels 
(10  parallel  bits/ channel)  on  the  module  have  an  external 
enable  associated  with  them.  The  enable  pulse  may  be  used  to 
signal  external  circuits  that  parallel  data  on  the  respective 
channel  is  being  accessed.  The  importance  of  the  enable 
pulse,  relative  to  MUSTANG,  will  be  addressed  in  Chapter  III. 
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(2)  HP- 6 OIL  3 2 -Channel  High-Level  Analog 
Multiplexer.  The  analog  multiplexer  accepts  32  channels  of 
analog  data  with  inputs  limited  from  0  to  +5.0  v.  The 
experiment  will  fly  three  modules  to  process  the  96  channels 
of  required  analog  data  every  51.2  msec.  To  satisfy  the 
Nyquist  criteria  each  channel  will  be  limited  to  a  bandwidth 
of  9.7  Hz.  MUSTANG  will  utilize  three  channels  of  analog  data 
to  provide  monitoring  of  the  5  v,  +15  v,  and  high  volt  busses. 
The  majority  of  the  analog  signals  are  used  for  monitoring 
various  rocket  parameters  and  control  signals.  Control  of  the 
multiplexer  is  determined  by  the  EPROM  program.  Each  module 
is  programmed  with  an  unique  address  by  setting  jumpers  found 
on  the  external  connector. 

(3)  AD-606-H8  Analog- to-Diaital  Converter  (ADC) 
with  Sample  and  Hold.  The  AD-606-HS  module  digitizes  the 
analog  data  requiring  transmission.  The  signal  input  to  the 
module  is  the  EPROM-controlled  output  of  one  of  the  three 
analog  multiplexers  mentioned  above.  Again,  the  input  signal 
is  limited  to  a  voltage  range  of  0  to  +5.0  v.  The  analog-to- 
digital  converter  digitizes  each  analog  signal  into  a  ten-bit 
binary  word  utilizing  the  method  of  successive  approximation. 
At  the  completion  of  digitizing,  the  digital  signal  is  sent 
to  the  formatter  for  inclusion  into  the  programmed  PCM  encoder 
matrix. 

(4)  FL-619A  Quad  Filter  and  Amplifier.  The  quad 
filter  module  provides  linear-phase  lowpass  premodulation 
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filtering  of  the  serial  output  from  the  timer  module.  Each 
filter  module  contains  four  independent  filters  which  share 
a  common  lead  with  the  input  signal  from  the  unfiltered  output 
of  the  timer  module.  Filter  selection  is  achieved  by  choosing 
the  respective  output  of  the  desired  filter.  The  -3dB  upper 
cutoff  frequency  for  Bi-0-L  coding  is  determined  by  the 
following  formula: 

1.4  x  bitrate  =  upper  cutoff  frequency  (1.1) 

1.4  x  200  kbits/sec  =  280  kHz.  (1.2) 

Based  on  the  above  calculation,  the  280  kHz  lowpass  filter 
was  chosen  for  this  experiment.  A  signal  gain  adjustment  at 
the  filter  output  allows  for  the  accurate  integration  of  the 
PCM  encoder  with  the  rocket’s  transmitter  (specifically  the 
modulator).  Figure  2.3  illustrates  the  "stack"  position  of 
each  PCM  encoder  module  as  required  by  the  experiment. 

2.  Operation 

Operation  of  the  PCM  encoder  is  implied  from  the 
discussion  of  the  system  component  parts.  Figure  2.4  provides 
a  basic  block  diagram  of  the  PCM  encoder  that  will  be  utilized 
for  the  experiment.  Data  for  the  experiment  comes  in  two 
forms,  analog  or  digital.  Analog  data  must  be  synchronized 
and  digitized  prior  to  formatting.  The  analog  data 
synchronization  is  controlled  by  the  processor  (PR-614) 
operating  under  a  software  program  loaded  into  the  system 
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Figure  2.3  Flight  Configured  PCM  Encoder  Stack 
[After  Ref.  3:p.  4] 
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Figure  2.4  Flight  Configured  PCM  Encoder  Block  Diagram 

[After  Ref.  3:p.  5] 
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EPROM.  Synchronization  occurs  at  the  analog  multiplexers  (MP- 
601L)  and  the  data  is  accessed  at  the  output  of  the  analog  to 
digital  converter  when  the  formatter  (FM-618)  is  instructed 
to  access  the  data.  Digital  data  is  synchronized  at  the 
digital  multiplexers  and  is  accessed  by  the  formatter  when 
instructed  to  do  so.  Data  entering  the  formatter  is  in  a 
parallel  format.  The  formatter  does  a  parallel-to-serial 
conversion  on  all  data  and  merges  the  synchronization  words 
into  the  PCM  word  format.  The  timer  module  (TM-615P)  accepts 
the  serial  data,  encodes  the  bitstream  into  Bi-O-L  format,  and 
provides  an  unfiltered  output  to  the  quad  filter  (FL-619A) . 
The  quad  filter  provides  lowpass  filtering  and  gain  adjustment 
prior  to  modulation  in  the  transmitter.  The  PCM-encoded 
format,  showing  the  word  location  of  MUSTANG'S  experimental 
data,  is  illustrated  in  Figure  2.5  [Ref.  4], 

The  telemetry  system  utilizes  a  200  kbit/sec  PCM/FM 
RF  link  at  a  carrier  frequency  of  22  69.5  MHz.  The  transmitter 
is  a  5  watt  Vector  T105.  A  bit  error  probability  of  10‘6  is 
achieved  given  that  the  signal-to-noise  ratio  for  the  PCM/FM 
system  is  13  dB  (value  provided  by  Aydin  Vector) .  Utilizing 
the  manufacturer's  data  and  NASA's  receiving  station  data,  a 
link  margin  of  13.7  dB  was  calculated.  [Ref.  4] 

3.  Signals 

Reference  signals  generated  by  the  PCM  encoder  are 
utilized  by  MUSTANG  to  ensure  synchronized  data  collection, 
processing,  and  dissemination.  Figure  2.6  illustrates  the 
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Figure  2.5  PCM  Communication  Matrix  [After  Ref.  3:p.  A-l] 
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Figure  2.6  Timing  Diagram  Illustrating  Flight 
Synchronization  Signals  [After  Ref.  3:p.  43] 
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reference  signals  utilized  by  MUSTANG  and  the  relative  timing 
of  each  signal.  Figure  2.4  illustrates  the  source  of  each 
signal.  The  reference  signals  generated  by  the  PCM  encoder 
combined  with  the  reference  signals  generated  by  the  detector 
(discussed  below  in  Section  B)  provide  the  design  basis  for 
the  interface  board  which  will  couple  the  detector  to  the  PCM 
encoder  (topic  of  Chapter  III) . 

B.  DETECTOR  [Re£.  5] 

1.  Configuration 

The  MUSTANG  instrument  electronics  consists  of  an 
image  intensifier,  a  detector,  and  a  low-noise  driver 
amplifier  circuit.  The  detector  is  a  Plasma-Coupled  Device 
(PCD)  linear  image  sensor.  A  detailed  mechanical  diagram  of 
MUSTANG  is  presented  in  Figure  2.7. 

a.  Hamamatsu  PCD  Linear  Image  Sensor  (S-2300-512F) 
The  PCD  linear  image  sensor  is  a  monolithic 
(single  crystal)  integrated  circuit  which  makes  use  of  the 
coupling  occurring  in  bulk  silicon  by  virtue  of  the  existence 
or  non-existence  of  the  plasma  state  of  holes  and  electrons. 
The  linear  image  sensor  is  composed  of  the  photodiode, 
switching  (output),  and  digital  shift  register  sections.  The 
PCD  linear  image  sensor  equivalent  circuit  is  shown  in  Figure 
2.8. 
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Figure  2.8  PCD  Linear  Image  Sensor  Equivalent  Circuit 

[Ref.  5:p.  1] 

(1)  Photodiode  Section.  The  light-sensitive 
section  consists  of  512  p-n  junction  photodiodes  which  perform 
both  photoelectric  conversion  and  charge  storage.  The 
photodiodes  are  designed  to  have  low  dark  current.  This  is 
due  to  the  buildup  of  charge  when  no  photon  source  is  present. 
Figure  2.9  illustrates  the  photodiode  construction. 

The  photoelectric  conversion  characteristic 
of  a  light  detector  is  determined  by  the  ratio  of  incident 
light  intensity  to  output  signal  level.  To  improve  the 
performance  of  the  detector  in  low  light  environments,  it  is 
desirable  to  integrate  the  output  over  time  rather  than 
observing  the  output  directly.  The  PCD  image  sensors  make 
use  of  the  integration  process  to  improve  low  light 
performance.  Figure  2.10  illustrates  the  photoelectric 
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Figure  2.9  Geometry  of  Image  Sensor  Light  Sensitive  Section 

[Ref.  5 : p.  14] 


Figure  2.10  Image  Sensor  Photoelectric  Conversion 
Characteristics  [Ref.  5:p.  8] 


conversion  characteristics  of  the  PCD  image  sensor.  The 
incident  exposure  at  the  breakpoint  of  the  linear  portion  of 
the  curve  represents  the  saturation  exposure.  The  output 
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Figure  2.11  Spectral  Response  of  the  Image  Sensor 

[Ref.  5:p.  8] 


Image  sensor  resolution  pertains  to  the 
ability  of  the  sensor  to  reproduce  the  details  of  an 
observation.  Since  the  photodiodes  are  mutually  separated, 
sampling  theory  can  be  applied  to  the  relationship  between 
incident  illumination  and  diode  spacing.  The  light 
illumination  can  be  no  more  than  half  the  spacing  between 
adjacent  photodiodes.  The  resolution  of  the  PCD  image  sensor 
is  also  dependent  upon  the  input  light  wavelength.  As 
wavelength  increases,  the  photoelectric  conversion  takes  place 
deeper  within  the  silicon  substrate  and  as  the  carriers  travel 
toward  the  surface  of  the  substrate,  diffusion  occurs  which 
allows  for  the  leakage  of  photons  into  adjacent  sensors  (see 
Figures  2.12  and  2.13). 

A  phenomenon,  known  as  lag,  occurs  when  the 
output  of  the  current  scan  is  affected  by  residual  charge  from 
a  previous  scan.  Lag  presents  itself  when  rapidly-changing 
incident  light  exceeds  the  sensor's  capability  to  follow  such 
changes.  Under  static  light  conditions  and  when  such  rapid 
changes  of  intensity  do  not  occur,  negligible  lag  exists. 

The  presence  of  measurable  image  sensor 
output  with  no  illumination  is  referred  to  as  dark  output. 
Dark  output  is  always  present  and  causes  a  reduction  in  the 
signal-to-noise  ratio  of  the  image  sensor.  Two  types  of 
phenomena  generate  dark  output.  In  the  photodiode  region, 
dark  output  is  a  function  of  photodiode  leakage  current  and 
integration  (storage)  time.  The  photodiode  dark  current  is 
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Figure  2.12  Leakage  of  Photocarriers  into  Adjacent  Pixels 

[Ref.  5:p.  7] 


h  v 

A. 


P-LAYER 


DRIFT 


A  =  500nm 


I  EXPANSION  OF 

!  DEPLETION  LAYER] 
\ 


I 


P-LAYER 


DRIFT 


DIFFUSION 


¥- 


SiO, 


Figure  2 . 13  Conceptual  Representation  of  Wave  Length 
Impact  on  Diffusion  [Ref.  5:p.  7] 


2 


very  sensitive  to  temperature,  doubling  with  each  7°C  rise  in 
temperature  (see  Figure  2.14).  Dark  output  is  also  a  function 
of  PCD  shift  register  leakage  current  and  the  signal  readout 
time  for  each  element.  For  long  storage  periods,  dark  output 
is  dominated  by  photodiode  leakage  current.  The  greater  the 
integration  period,  the  smaller  the  dynamic  range  of  the  image 
sensor.  As  the  storage  time  is  reduced,  leakage  current  from 
the  shift  register  becomes  dominant.  The  linear  region  of 
Figure  2 . 14  illustrates  the  dominance  of  the  photodiode 
leakage  current  and  the  nonlinear  region  of  the  figure 
illustrates  the  dominance  of  the  shift  register  leakage 
current. 


Figure  2 . 14  Dark  Out  Put  Charge  versus  Storage  Time 
Temperature  Dependency  [Ref.  5:p.  8) 
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from  one  cathode  area  to  the  adjacent  cathode.  The 
semiconductor  implementation  of  this  transfer  method  does  not 
require  wiring  and  is  the  essential  operating  principal  behind 
the  fast  switching  capability  PCD  shift  register. 

The  HCDT's  are  separated  from  each  other  by 
a  maximum  of  one  carrier  diffusion  length.  The  register 
consists  of  an  equivalent  base,  and  independent  emitters  and 
collectors.  When  V8C  and  VE  is  applied,  the  current  that  flows 
between  the  emitters  and  the  collectors  exhibit  current- 
control  negative  resistance  characteristics.  (Figure  2.16 
shows  the  equivalent  circuit  for  a  single  HCDT. )  The  voltage 
Vp,  where  the  negative-resistance  region  begins,  corresponds 
to  the  HCDT  on  voltage.  If  the  HCDT  is  on,  the  semiconductor 
plasma  occurring  due  to  carrier  accumulation  will  affect  the 
adjacent  collector  region,  lowering  the  threshold  of  the  on 


COLLECTOR  EMITTER  BASE 


Figure  2.16  HCDT  Equivalent  Circuit  [Ref.  5:p.  1] 
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voltage.  By  injecting  a  controlling  current  during  this 
period  it  is  possible  to  transfer  the  on-state  to  the  adjacent 
HCDT.  A  three-phase  clock  will  be  the  source  of  the 
controlling  current.  Clock  selection  for  detector  operation 
must  be  considered  carefully.  If  the  clock  pulse  amplitude 
is  too  high,  the  PCD  shift  register  will  saturate,  rendering 
the  output  useless  (i.e.,  all  light  collection  circuits  will 
discharge  simultaneously) .  Likewise,  if  the  clock  pulse 
amplitudes  are  below  the  minimum  threshold,  the  glow  discharge 
will  not  transfer  to  the  adjacent  cathode.  The  variation 
between  the  maximum  and  minimum  pulse  level  is  referred  to  as 
the  operating  margin. 

To  ensure  stable  PCD  shift  register 
operation,  the  driver  circuit  of  Figure  2.17  is  utilized.  The 
emitter  resistance,  R^I^+Rj,  and  the  emitter  capacitance,  CE, 
impact  the  circuit  operating  characteristics  by  promoting 


Vcc 


Figure  2.17  Clock  Driver  Circuit  [Ref.  5:p.  2] 
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temperature  stability  and  efficient  power  utilization.  At 
high  frequencies  (>250  kHz)  ,  the  R,/CE  pair  is  removed  to  allow 
for  stable  clocking.  In  this  case  efficiency  and  stability 
are  sacrificed  for  speed. 

(3)  Switching  (Output)  Section.  The  output 
section  consists  of  a  bank  of  lateral  pnp  switching 
transistors  (refer  to  Figures  2.8  and  2.18  for  implementation 
and  equivalent  circuit) .  The  video  signal  (output)  is 
generated  when  the  PCD  shift  register  sequentially  addresses 
successive  switching  transistors  allowing  the  photodiodes  to 
discharge  through  the  transistor  collector,  effectively 
transforming  spatial  data  into  a  series  of  signals.  The 
collectors  of  all  switching  transistors  are  tied  to  a  common 
video  line  and  the  output  data  becomes  available  for 
collection  at  this  point. 


Figure  2.18  Switch  Section  Equivalent  Circuit  (Ref.  5:p.  1] 
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Two  methods  of  data  collection  are  possible. 
The  current-detection  method  of  data  collection  uses  a 
resistive  load  tied  to  the  video  line.  If  the  current- 
detection  method  is  used,  the  data  will  be  represented  by  a 
differentiated  waveform.  The  output  signal  will  be  nonlinear 
with  respect  to  the  input  signal  and  signal  processing  must 
be  performed  on  the  peak  value  of  the  wave  form.  The  peak 
value  will  have  a  time  variation  dependent  on  the  output 
level.  If  linear  response  or  high  accuracy  at  low  output 
levels  is  required,  the  current- integration  method  of 
detection  should  be  used.  The  integration  method  uses  a 
charge  amplifier  to  integrate  the  total  output  signal 
providing  a  rectangular  wave  shape  which  is  easy  to  acquire 
and  analyze.  The  process  of  integration  ensures  linear 
response  by  eliminating  the  time  variation  in  the  output 
signal  (i.e.,  the  variation  averages  out). 

b.  Hamamatsu  Low  Noise  Driver/Amplifier  Circuit 

Hamamatsu  provides  a  driver/ amplifier  circuit  with 
a  variety  of  useful  control  functions  as  illustrated  in 
Figure  2.19.  The  amplifier  board  provides  the  control  signal 
generation,  the  PCD  clock  driver  required  for  stable 
switching,  and  the  charge  amplifier  required  for  signal 
processing.  The  circuit  is  designed  for  interfacing  with  the 
very  sensitive  image  sensor  and  proper  filtering  of  power 
supplies  results  in  low-noise  operation  (2700  electrons  rms) . 
The  driver/amplifier  circuit  requires  only  five  inputs  to 
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Figure  2.19  Block  Diagram  of  Flight  Qualified 
Driver  Amplifier  [Ref.  5:p.  9] 


control  and  operate  the  image  sensor,  thereby  reducing  the 
complexity  of  user  interface  with  the  image  sensor.  The 
required  inputs  will  be  more  fully  discussed  in  the  section 
on  detector  signals. 

c.  ITT  Image  Intensifier  (F4145)  [Ref.  7] 

The  image  intensifier  provides  the  mechanism  for 
coupling  the  low  level  ultraviolet  radiation  (1800-3400  A)  to 
the  PCD  image  sensor.  Initially,  the  image  intensifier 


accepts  UV  photons  through  a  fiber  optic  window.  Electrons 
are  produced  when  the  photons  enter  the  photocathode.  The 


electrons  pass  through  two  microchannel  plates  in  cascade 
under  the  influence  of  high  voltage  resulting  in  highly 
energetic  electrons.  The  electrons  are  absorbed  by  a  P-20 
phosphor  screen  producing  visible  light  over  a  visible 
spectrum  of  4750-6000  A.  The  high  voltage  can  be  controlled 
through  the  use  of  a  reference  voltage  which  is  variable  on 
the  range  0-10  v.  Adjusting  the  reference  voltage  to  10  v 
will  provide  the  maximum  gain  (4xl04) 

2 .  Detector  Operation 

Through  the  use  of  optics,  the  MUSTANG  spectrograph 
produces  a  spectrum  over  the  desired  wavelengths  (1800-3400  A 
at  the  instrument  focal  plane) .  These  UV  photons  are 
converted  (image  intensifier)  into  an  electron  stream, 
accelerated,  and  reconverted  into  high  energy  photons  at  the 
wavelengths  (4750-6000  A)  required  for  image  sensor  operation. 
The  process  of  photon  capture  will  continuously  illuminate  the 
PCD  image  sensor.  The  image  sensor  output  is  controlled 
through  the  application  of  a  system  clock  and  a  start  clock. 
The  system  clock  provides  the  reference  for  the  three-phase 
clock  generated  by  the  driver  amplifier  circuit.  The  start 
clock  provides  the  start  reference  for  data  output.  The 
frequency  of  the  start  clock  will  determine  the  integration 
period;  the  greater  the  clock  frequency,  the  shorter  the 
integration  period. 
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3.  Detector  Signals 


For  synchronized  operation,  the  detector  requires  two 
input  reference  signals,  the  system  clock  and  a  reference 
start  clock.  Two  external  reference  signals  are  generated  by 
the  detector  to  synchronize  the  two  channels  of  available  data 
with  the  signal  processing  circuits.  Figure  2.20  illustrates 
the  relative  relationship  of  the  control  and  serial  analog 
output  signals.  All  signals  are  referenced  to  the  system 
clock.  The  system  clock  will  operate  at  the  same  frequency 
as  the  PCM  encoder  bit  clock  illustrated  above  in  Figure  2.6. 

C.  POWER  SUPPLIES 

The  rocket  power  system  is  composed  of  three  independent 
28  v  unregulated  busses  (28+4  v) .  The  three  power  busses 
consist  of  the  instrumentaticr.  power  system,  the  experiment 
power  system,  and  the  door  power  system.  MUSTANG  utilizes 
power  from  the  experiment  power  system  to  provide  analog  and 
digital  power  to  the  detector  and  the  interface  board.  The 
PCM  encoder  and  Aydin  Vector  transmitter  receive  power  from 
the  instrumentation  power  system.  The  door  power  system 
provides  the  power  to  open  the  hermetically-sealed  experiment 
door  after  rocket  motor  separation  and  provides  power  to  the 
film  advance  motors  utilized  in  the  HIRAAS  experiment.  The 
door  power  system  is  separated  from  the  electronic  busses  to 
ensure  isolation  of  the  motor-generated  noise.  A  block 
diagram  of  the  power  distribution  is  illustrated  in  Figure 
2.21.  Each  component  requiring  power  must  provide  individual 
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Figure  2.21  Block  Diagram  of  the  Power  Supply 
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power  regulation  if  the  unregulated  bus  specifications  exceed 
the  limitations  of  the  component.  As  mentioned  previously, 
the  PCM  encoder  and  the  data  transmitter  will  accept 
unregulated  28  v  dc  power.  The  remainder  of  the  MUSTANG  power 
requirements  will  be  provided  by  a  5  v  regulator  (digital 
power) ,  a  +15  v  regulator  (analog  power) ,  and  a  high  voltage 
regulator  (image  intensifier  power). 
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III.  INTERFACE  DE8IGN 


In  Chapter  II,  The  subsystems  that  provide  data 
acquisition  and  control  were  presented.  These  subsystems  have 
demonstrated  operational  reliability.  The  focus  of  this 
chapter  is  the  design  requirements  of  the  interface  circuit 
that  couples  MUSTANG  to  the  sounding  rocket  telemetry  and 
control  subsystems. 

A.  CIRCUIT  DESIGN  REQUIREMENTS 

The  interface  design  requirement  can  be  simply  stated: 
given  the  analog  output  of  the  image  sensor,  design  a  system 
that  will  reformat  and  store  the  image  sensor  data  until 
requested  by  the  PCM  encoder  for  transmission. 

1.  gjgaal  Processing 

The  interface  board  must  sample  the  analog  serial  data 
generated  by  the  image  sensor  and  format  the  data  so  that  it 
is  compatible  with  the  PCM  encoder.  Three  interface 
alternatives  were  considered,  two  of  which  were  feasible.  The 
alternatives  considered  were: 

-  Direct  analog-to-digital  (AD)  conversion  of  the  analog 
signal  performed  by  the  PCM  encoder. 

-  Sample  and  hold  the  significant  elements  of  the  analog 
signal  followed  by  AD  conversion  of  the  sampled  data. 

-  Direct  AD  conversion  of  the  significant  elements  of  the 
analog  signal  by  an  independent  analog-to-digital 
converter  (ADC) . 


The  physical  positioning  of  the  various  rocket 
components  (see  Figure  3.1)  precluded  coupling  the  MUSTANG 
detector  directly  to  the  PCM  encoder  with  the  analog  signal 
lead  for  three  reasons: 

-  There  is  significant  signal  attenuation  since  the  signal 
path  is  approximately  five  feet  long. 

-  The  signal  lead  would  be  forced  to  travel  adjacent  to 
inherently  noisy  systems  such  as  the  film-advance  motor 
(used  in  HIRAAS) ,  various  power  supplies,  and  the  attitude 
control  system. 

-  Given  the  data  acquisition  rate  (Figure  2.20)  and  the 
telemetry  requirements  (Figure  2.5),  it  is  operationally 
impossible  to  synchronize  the  generated  analog  signals  to 
the  operational  requirements  of  the  PCM  ADC. 

The  second  alternative,  sampling  the  analog  signal  at 
the  appropriate  time  and  performing  the  subsequent  AD 
conversion  on  the  sampled  signal,  looked  promising.  The 
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Figure  3.1  Sounding  Rocket  Configuration  Block  Diagram 
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leading  edge  of  the  TRIGGER  pulse,  generated  by  PCD  image 
sensor,  provided  an  excellent  reference  signal  for  the  sample 
and  hold  device.  The  generated  TRIGGER  pulse  coincides  with 
the  most  stable  portion  of  the  image  sensor  analog  signal  (see 
Figure  2.20) .  Once  sampled,  an  ADC  digitizes  the  stored 
analog  signal.  Based  on  the  system  clock  frequency  of 
200  kHz,  the  analog  signal  would  require  sampling  every 
20  Msec.  The  sample-and-hold  device  would  be  required  to 
sample  and  save  the  signal  in  the  5  Msec  corresponding  to  the 
time  that  the  TRIGGER  is  pulsed  on.  An  independent  AD 
converter  would  be  allocated  15  jusec  to  complete  the 
acquisition  process  and  perform  the  digital  quantization  of 
the  analog  data.  The  quantization  accuracy  of  AD  converter 
is  constrained  by  the  PCM  encoder  which  processes  a  maximum 
of  10-bits/word. 

The  third  alternative  called  for  the  direct  AD 
conversion  of  the  analog  signal.  The  analog  signal  must  still 
be  sampled  every  20  Msec ;  however,  the  sample-and-hold  device 
would  not  be  used  in  this  implementation.  The  ADC  would  be 
required  to  digitize  the  analog  signal  during  the  5  Msec 
period  that  the  TRIGGER  is  pulsed  on.  This  implementation 
demonstrates  the  tradeoff  between  utilizing  a  simple  circuit 
(sample  and  hold  device  removed)  and  a  more  costly  circuit 
( faster  AD  converter) . 
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2.  Data  Storage 


The  PCM  encoder  data  transmission  requirements  (Figure 
2.5)  mandate  that  the  512  pixels  of  analog  data  generated  by 
the  PCD  image  sensor  in  one  integration  period  be  processed 
and  transmitted  every  51.2  msec.  Furthermore,  the  PCD  image 
sensor  operational  requirements  (Figure  2.20)  demonstrate  that 
only  10.24  msec  is  required  to  process  the  512  pixels  of 
acquired  data  generated  each  integration  period.  The  storage 
device  must  be  capable  of  storing  the  generated  data 
independent  of  the  PCM  encoder  data  access  requirements  due 
to  the  asynchronous  nature  of  the  acquisition  and  transmission 
operations. 

Two  methods  of  data  storage  were  considered.  Random 
access  memory  (RAM)  was  considered  as  a  space-efficient 
alternative  allowing  for  easy  access  to  a  large  quantities  of 
data.  Secondly,  a  first- in/ first-out  (FIFO)  memory  device  was 
considered  as  an  operationally  efficient  alternative  allowing 
for  simple  clock  control  of  the  read  and  write  cycles.  Each 
device  can  be  configured  to  perform  the  same  asynchronous  read 
and  write  functions.  The  use  of  RAM  requires  the 
implementation  of  an  input  and  an  output  counter  to  indicate 
the  current  write  and  read  memory  locations.  Clocks  may  be 
used  to  advance  the  memory  counters  as  required.  The  FIFO  can 
utilize  clocked  inputs  directly  to  asynchronously  read  and 
write  the  data.  One  concern  with  utilizing  FIFOs  is  that,  as 
a  general  rule,  they  do  not  have  the  data  storage  capacity 
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found  in  RAM.  The  storage  device  must  have  the  capacity  to 
assimilate  the  data  accumulation  as  it  occurs  during  the  first 
10.24  msec  of  each  communication  frame  (see  Figure  2.5).  The 
data  accumulation  occurs  as  a  result  of  the  differing  read  and 
write  data  rates.  The  maximum  required  data  storage  is  384 
words  (10-bits/ word) . 

3.  Data  Access  bv  PCM  Encoder 

The  PCM  encoder  will  access  the  data  as  outlined  in 
Figure  2.5.  To  access  all  of  the  data  acquired  and  stored  in 
one  integration  period  requires  51.2  msec.  The  interface 
electronics  must  "setup1'  the  stored  data  ensuring  the  data  is 
available  when  the  PCM  encoder  accesses  the  respective  digital 
data  line.  (Figure  3.2  illustrates  the  "READ"  reference 
signals  provided  by  the  PCM  encoder.)  The  PCM  encoder 
requires  a  signal  level  of  3.0  v  or  greater  (maximum  35  v)  to 
guarantee  a  logic  "1"  and  a  signal  level  of  2.0  v  or  less 
(minimum  -35  v)  to  guarantee  a  logic  "0".  An  open  circuit 
input  will  be  recognized  as  a  logic  zero.  Once  the  data  is 
made  available,  it  must  remain  stable  for  the  one  half  word 
period  prior  to  the  next  word  pulse  (25  nsec) .  The 
requirement  for  stable  data  suggests  that  a  digital  latch 
would  provide  an  appropriate  interface  between  the  memory 
device  and  the  PCM  encoder. 

4.  Power  Sources 

To  complement  the  modular  design  concept,  all  of  the 
power  required  to  support  MUSTANG  operation  should  be  provided 
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via  the  interface  circuitry.  MUSTANG  requires  ±  15  v  to 
support  analog  circuit  operation,  a  0-10  v  reference  signal 
for  the  HV  power  supply,  and  5  v  to  support  digital  circuit 
operation  and  the  HV  power  supply  (Figure  2.21).  The  5  and 
dual  15  v  power  supplies  are  modular  components  installed  in 
the  electronics  section  of  the  rocket. 

Recent  rocket  experiments  have  verified  that  arcing 
occurs  when  HV  power  supplies  are  operated  in  a  partial 
vacuum.  The  phenomenon  of  arcing  is  most  probable  as  the 
rocket  transitions  from  the  earth's  environment  into  the 
experimental  environment  (altitude  of  about  100  km) .  Gasses 
in  the  vicinity  of  the  arc  tend  to  ionize  establishing 
inconsistencies  in  the  gasses  and  their  constituents.  These 
inconsistencies  will  adversely  impact  the  accuracy  of  the  data 
collected  during  the  experiment.  To  reduce  the  risk  of  arcing 
and  subsequent  experimental  data  degradation,  NASA  has 
provided  a  redundant  multi-function  timer  (WFF  30  Channel 
Multi-function  Timer)  to  control  in-flight  events.  The 
sequence  of  events  is  as  follows: 


-  Program  ON 

1.0 

sec 

-  Relay  Reset  ON 

10.0 

sec 

-  Relay  Reset  OFF 

50.0 

sec 

-  HIRAAS  Experiment  ON 

MUSTANG  Experiment  ON 

60.0 

sec 

-  Door  Open  ON 

66.0 

sec 

-  Door  Open  OFF 

90.0 

sec 
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HIRAAS  HV  ON 
MUSTANG  HV  ON 


110.0  sec 


-  HIRAAS  HV  OFF  513.0  sec 

-  Door  Close  ON  517.0  sec 

-  HIRAAS  Experiment  OFF  523.0  sec 

MUSTANG  HV  and  Experiment  OFF 

-  Program  OFF  555.0  sec. 

The  event  sequence  timers  provide  control  signals  to  relays 
(Deutsch,  see  Appendix  F  for  details)  which,  in  turn,  control 
the  power  distribution.  Chapter  IV  will  discuss  the  operation 
of  the  relay  box  in  detail.  [Ref.  8] 

The  0-10  v  reference  voltage  must  be  generated  by  the 
interface  board  as  no  other  source  of  variable  voltage  exists. 
The  reference  voltage  controls  the  MicroChannel  Plate  input 
voltage  and  ultimately  the  amplification  characteristics  of 
the  image  intensifier  [Ref.  7].  Calculations  by  the  NPS 
Physics  department  have  concluded  that  the  reference  voltage 
should  be  adjusted  to  10  v  [Ref.  9]. 

B.  FINALIZED  CIRCUIT  DESIGN 

Figure  3.3  presents  the  design  that  functionally 
interfaces  the  MUSTANG  detector  with  the  system  telemetry. 
The  design  can  be  segregated  into  four  distinct  functional 
structures:  data  acquisition,  data  storage,  data  trans¬ 

mission,  and  reference  signal  generation.  Figures  2.6  and 
2.20  illustrate  the  reference  signals  generated  by  the  PCM 
encoder  and  the  MUSTANG  detector  respectively.  Utilizing 
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Figure 


selected  reference  signals  (Figure  3.2)  with  the  interface 
design  provides  an  operationally  complete  instrument. 

1.  Data  Acquisition 

Data  acquisition  is  initiated  by  the  FRAME  clock 
(Figure  3.2).  The  FRAME  clock  pulse  length  is  one  word  period 
in  duration  (50  nsec) .  The  54LS122  monostable  triggers  on  the 
rising  edge  of  the  FRAME  clock  and  generates  a  10  Msec  START 
pulse.  To  insure  initialization  of  the  PCD  image  sensor,  the 
START  pulse  must  be  at  least  500  nsec  in  duration.  A  10  Msec 
START  pulse  is  required  to  meet  the  reset  limitations  imposed 
by  the  memory  device  (explained  in  the  next  section)  .  The  PCD 
image  sensor  generates  a  TRIGGER  signal  which  is  synchronized 
by  the  leading  edge  of  the  START  pulse.  The  TRIGGER  signal 
is  on  for  one  BIT  period  (5  nsec)  and  off  for  three  BIT 
periods.  The  TRIGGER  signal  is  synchronized  to  correspond 
with  the  most  stable  region  of  the  analog  signal. 

The  leading  edge  of  the  TRIGGER  signal  triggers  the 
first  monostable  on  the  54LS221.  The  monostable  generates  a 
550  nsec  ENCODE  pulse  (a  minimum  of  150  nsec  is  required) 
which  is  used  to  initialize  and  trigger  the  HAS1202  ADC.  The 
HAS1202  will  perform  a  12-bit  conversion  in  a  maximum  of 
2.8  Msec.  Although  the  ADC  has  a  resolution  of  12  bits,  the 
PCM  encoder  will  process  only  10  bits  of  data  per  word.  The 
nine  most  significant  bits  generated  by  the  ADC  will  be  stored 
in  memory  (the  memory  can  store  only  9  bits) ,  the  three 
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remaining  least  significant  bits  will  be  ignored.  The  12-bit 
AD  converter  was  selected  based  on  cost  and  availability  of 
the  component. 

2.  Data  Storage 

The  leading  edge  of  the  ENCODE  pulse  triggers  the  DATA 
READY  signal.  The  DATA  READY  signal  will  go  high  60  nsec 
after  the  ENCODE  pulse  leading  edge.  The  DATA  READY  signal 
will  remain  high  until  the  AD  conversion  is  complete  (a 
maximum  of  2.8  nsec).  The  falling  edge  of  the  DATA  READY 
signal  will  trigger  the  second  monostable  on  the  54LS221  to 
generate  a  2  jisec  WRITE  signal.  The  CMOS  512  by  9  bit  FIFO 
( IDT7201SA)  was  selected  for  the  project.  Selection,  once 
again,  was  based  on  availability  and  cost  of  the  device.  The 
WRITE  signal  triggers  the  FIFO  which,  in  turn,  reads  the  nine 
most  significant  bits  of  data  from  AD  converter.  The  data 
will  "fall  through"  the  FIFO  and  will  be  stored  in  the 
subsequent  unfilled  memory  location.  The  WRITE  function  is 
independent  of  any  ongoing  READ  functions. 

As  mentioned  above,  the  required  waveshape  of  the 
start  pulse  is  dictated  by  the  reset  requirements  of  the  FIFO 
(see  Appendix  I  for  details)  .  Figure  3.2  illustrates  that  the 
RESET  signal  is  the  inverse  of  the  START  signal.  Prior  to  the 
RESET  signal  going  high,  the  FIFO  requires  the  WRITE  and  READ 
signals  to  be  high  for  120  nsec.  The  RESET  signal  must  go  low 
for  a  minimum  of  120  nsec  to  guarantee  proper  reinitial¬ 
ization.  Once  the  RESET  returns  high,  the  READ  and  WRITE 
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signals  must  remain  high  for  a  minimum  20  nsec.  To  ensure  all 
the  timing  requirements  associated  with  the  resetting  of  the 
FIFO  are  met,  the  RESET  signal  will  remain  low  for  10  /isec. 

3.  Data  Transmission 

Data  is  read  from  memory  as  requested  by  the  PCM 
encoder.  The  READ  signal  is  generated  when  the  WORD  clock  and 
the  ENABLE  pulse  are  "nanded"  together.  The  inverse  of  the 
READ  signal  is  the  LATCH  signal  which  allows  9  bits  of  digital 
data  to  be  loaded  into  the  output  latch  (2-SNJ54HC373) .  The 
PCM  encoder  allows  a  data  setup  time  of  25  /isec  referenced  to 
the  leading  edge  of  the  current  WORD  period.  While  the  data 
is  being  read,  it  must  remain  stable  for  the  remaining  25  /isec 
of  the  current  WORD  period.  The  current  circuit  configuration 
will  transfer  data  to  the  output  latch  in  5  /isec  and  allow  the 
data  to  remain  latched  and  stable  for  45  /usee.  CMOS  latches 
are  used  to  ensure  that  the  "logic  1"  was  3  v  or  greater  as 
required  by  the  PCM  encoder. 

4.  Reference  Signal  Generation 

A  10.0  v  reference  signal  used  to  support  the  HV  power 
supply  operation  was  generated  utilizing  a  three-terminal 
adjustable  regulator  (LM317LZ) .  The  regulator  input  is  15  vdc 
and  the  input  signal  is  provided  via  the  HV  control  relay. 
During  the  experiment,  both  the  5  v  supply  power  and  the 
10.0  v  reference  signal  will  be  applied  simultaneously  to  the 
HV  power  supply  as  described  in  the  mission  sequence  of  events 
described  above. 
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C.  POWER  SUPPLY  CALCULATIONS 

Prior  to  flight,  the  power  consumption  must  be  determined 
to  ensure  proper  selection  of  flight  batteries.  During  the 
design  phase,  power  consumption  was  based  on  the  worst-case 
(highest  power  consumption)  values  provided  by  the  respective 
component  databooks.  This  estimation  was  refined  and  verified 
by  measurement  once  the  flight  instrument  became  operational. 
Direct  measurements  by  a  voltmeter  across  the  power  supply 
output  and  an  in-line  ammeter  established  that  410  ma  at  5  v 
and  130  ma  at  15  v  will  be  required  to  support  instrument 
operation.  Battery  consumption  was  calculated  as  follows: 

Battery  Consumption  =  5  v  Supply  Power  + 

15  v  Supply  Power  (3.1) 

=  5.32  watts  +  6.44  watts  (3.2) 

=  11.76  watts  (3.3) 

The  power  required  to  support  the  5  v  Supply  is  calculated 

from  Figure  3.4  and  the  power  required  to  support  the  15  v 

Supply  is  calculated  from  Figure  3.5. 

Figure  2.21  illustrated  the  rocket  power  distribution. 
The  sequence  of  events  established  the  need  for  460  seconds 
(approximately  eight  minutes)  of  instrumentation  power.  The 
anticipated  total  power  requirement  (HIRAAS  and  Mustang)  is 
1200  ma  at  28  v  for  a  period  of  460  secs.  The  combined 
experiments  will  utilize  0.16  AH  of  the  available  0.62  AH  of 
battery  power. 
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Figure 


INPUT  CURRENT  (ma) 


3.5  System  Bus  Power  Required  to  Support  15  v 
Power  Supply 
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Once  the  interface  board  became  operational,  the  detector 
and  the  interface  board  were  ready  for  laboratory  testing. 
Further  circuit  development  was  required  to  couple  the 
detector  and  MUSTANG  interface  board  to  a  system  that 
simulated  the  rocket  PCM  encoder.  The  simulated  encoder  and 
the  interface  test  equipment  is  referred  to  as  the  Ground 
Support  Equipment  (GSE) . 
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IV.  DESIGN  OF  GROUND  SUPPORT  EQUIPMENT 


To  support  the  testing  and  the  alignment  of  the  MUSTANG 
instrument,  Ground  Support  Equipment  (GSE)  was  designed  and 
implemented.  The  GSE  provides  instrument  support  in  two 
operating  environments.  With  GSE  support,  MUSTANG  can  be 
operated  in  the  laboratory  where  the  instrument  is  tested  and 
aligned.  The  GSE  can  also  be  utilized  for  in-place  preflight 
testing  to  ensure  the  proper  operation  of  both  the  instrument 
and  the  sounding  rocket  telemetry  and  control  system.  The 
block  diagram  provided  in  Figure  4.1  illustrates  the  possible 
GSE  options.  To  fully  appreciate  MUSTANG  and  the  GSE 
interface,  knowledge  of  the  sounding  rocket  electrical  wiring 
configuration  is  required. 

A.  MU8TANG  WIRING  DESCRIPTION 

MUSTANG  and  HIRAAS  are  independently  operated  instruments. 
The  actual  interfacing  of  the  two  experiments  is  carried  out 
in  the  electronics  section  of  the  sounding  rocket  (see  Figure 
3.1).  Common  wiring  is  provided  by  NASA  from  the  telemetry 
and  control  section  to  the  electronics  section  of  the  rocket. 
In  the  electronics  section,  the  experiments  are  separated 
ensuring  experimental  independence.  Experimental  independence 
ensures  that  a  failure  of  one  experiment  will  not  adversely 
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Figure  4 . 1  Block  Diagram  of  GSE  MUSTANG  Interface 


impact  the  operation  of  the  remaining  experiment.  Figure  4.2a 
illustrates  the  electrical  wiring  configuration  required  to 
support  the  in-flight  experiment  [Ref.  10].  Operation  of 
MUSTANG  in  a  testing  configuration  will  be  discussed  in  the 
next  section. 

Five  subsystems  are  mounted  in  the  electronics  section  to 
support  MUSTANG.  These  subsystems  are  illustrated  in  Figure 
4.2b  and  include: 

-  Power  Supplies  (designed  by  RSI) 

-  Relay  Box  [Ref.  11) 

-  HV  Safety  Jumpers 

-  28  v  Distribution  Box 

-  GSE  Interface  Connectors. 
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Figure  4.2a  Wiring  Diagram  Required  to  Support  MUSTANG  [after  Ref. 


-  c 

ro 

ro  2 

u 

0) 

-N 

UI 

cn 

O’ 

0s 

•*4 

CO 

CO 

\D 

•— » 

o 

o 

»-* 

»-* 

ro 

ro 

►— » 

w 

Ca> 

, . 

*• 

*• 

UI 

cn 

_X 

(_ 

TJ 

l  rv 

ii 

-fr. 

P24-1 

P24-2 


“  ~  28v 

w  rv>  28v  RET 


ui  cn 

O'  o\  5v  DC  OUT  P22-14 

^  vl 

oo  oo  +5v  RET  P22-IQ 


►— * 

*-• 

ro 

ro 

CJ 

jk 

lw 

cn 

01 

O' 

>4 

00 

CO 

\D 

L  , 

o 

o 

ro 

ro 

u> 

>■ 

■K 

UI 

cn 

O' 

o 

(X) 

CO 

*-• 

vD 

Vi) 

ro 

ro 

o 

o 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

GJ 

U) 

ro 

ro 

Jk. 

a. 

ro 

ro 

Ul 

cn 

HV  ON  EXT 
HV  ON  INT 
fl5v  TO  HV 
5v  TO  HV 
AMP  ON  EXT 
AMP  ON  INT 
15v  RET 
-15v  TO  AMP 
■H5v  TO  AMP 
5v  RET 
5v  AMP 
RELAY  RET 
RELAY  RET 
5v  DC  IN 
-15v  DC  IN 
■H5v  DC  IN 
5v  AMP  MON 
+I5v  AMP  MON 
5v  HV  MON 
GND  TM 
GND  BH 
GND  EXP 
5v  AMP  MON 
<-15v  AMP  MON 
5v  HV  MON 


J26-32 

J26-16 

P25-C 

P25-A 

J26-31 

J26-17 

P23-12 

PlOt-E 

P101-D 

P24-8 

PtOt-C 

J26-30 

J26-18 

P24-6 

P23-14 

P23-10 

J26-I9 

J26-20 

J26-21 

J26-22 

J26-26 

P101-13 

J26-27 

J26-28 

J26-29 


«  p  P  28v 

3  £  S  28v  RET 


P24-1 

P24-2 


>  5v  TO  HV 

»  5v  TO  HV 

O  I5v  TO  HV 

e  I5v  TO  HV 


P22-4 

P101-A 

P22-3 

PlOl-c 


Figure  4.2b  Support  Components  Required  to  MUSTANG  [Ref.  9] 
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Experimental  power  is  provided  by  the  sounding  rocket  28  v 
unregulated  bus.  The  unregulated  power  is  distributed  to  both 
MUSTANG  and  HIRAAS  through  the  28  v  distribution  box.  The 
distribution  box  is  the  subsystem  where  the  two  experiments 
are  separated.  The  power  supplies  (±  15  v  and  5  v)  convert 
the  unregulated  power  into  the  appropriate  regulated  power  to 
support  MUSTANG'S  analog  and  digital  loads.  The  power  is 
routed  via  the  relay  box  to  the  instrumentation  (for  details 
see  Figure  4.2c). 

The  relay  box  is  controlled  by  the  flight  sequence  timers 
ensuring  strict  control  of  the  instrument  operation.  The 
relay  box  also  splits  the  regulated  power  to  achieve: 

-  5  v  instrumentation  power 

-  5  v  support  of  the  HV  power  supply 

-  ±15  v  instrumentation  power 

-  15  v  support  of  the  HV  power  supply. 

The  HV  power  supply  must  be  carefully  controlled  to  prevent 
inadvertent  energization  while  testing  is  in  progress. 
Previous  experience  by  NHL  researchers  has  verified  that  the 
HV  power  supplies  operate  properly  under  total  vacuum  and  at 
Standard  Atmospheric  Pressure  (STP).  If  the  power  supplies 
are  operated  under  a  partial  vacuum,  arcing  is  probable, 
resulting  in  damage  to  the  power  supply  and  surrounding 
electronics.  Personal  safety  is  also  a  concern  when 
considering  the  operation  of  HV  power  supplies.  The 
subsystems  inside  the  rocket  are  closely  situated  and  extreme 


57 


25  PIN  CONNECTOR 


58 


Figure  4.2c  MUSTANG  Relay  Box  Schematic  [Ref.  10] 


care  must  be  exercised  to  ensure  that  personnel  do  not  come 
in  contact  with  energized  components  powered  by  a  HV  power 
supply.  To  aid  in  the  control  of  the  HV  power  supply,  jumpers 
(connector  25)  have  been  installed  to  interrupt  the  HV  power 
supply  energy  source.  Finally,  the  relay  box  generates 
monitoring  signals  which  are  transferred  to  the  PCM  encoder 
(Chapter  II) .  These  monitoring  signals  are  incorporated  into 
the  transmitted  data  stream  and  provide  information  on  the 
operational  status  of  the  various  MUSTANG  power  supplies. 

The  GSE  connector  (connector  26)  provides  the  required 
interface  to  externally  monitor  data  when  MUSTANG  is  mounted 
in  the  flight  configuration.  The  connector  also  provides  the 
option  of  externally  controlling  MUSTANG  when  the  PCM  encoder 
is  unavailable  to  support  flight  configuration  testing. 

B.  GSE  GENERAL  REQUIREMENTS 

The  GSE  is  required  to  support  MUSTANG  in  a  variety  of 
operational  configurations.  In  the  laboratory,  the  PCM 
encoder  control  signals  (see  Figure  3.2)  are  simulated. 
Laboratory  testing  is  required  for  MUSTANG  initial  operational 
testing  and  alignment.  During  rocket  integration,  operational 
testing  is  required  to  analyze  the  performance  of  MUSTANG  in 
the  flight  configuration.  The  GSE  allows  for  data 
accumulation  and  evaluation  in  either  configuration.  The  GSE 
schematic  is  illustrated  in  Figure  4.3. 
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Figure  4.3  Ground  Support  Equipment  Schematic 


1.  Ggg  Functions 


The  GSE  schematic  illustrates  eight  basic  functions 
that  the  system  can  perform.  These  eight  functions  are  listed 
below: 

-  28  v  power  supply  to  support  operation  of  the  5  v  and 
±15  v  power  supplies 

-  5  v  internal  PS  to  support  GSE  logic  circuits 

-  Macintosh  II  computer  interface 

-  ON/OFF  control  of  the  5  v  and  ±15  v  power  supplies  in  both 
the  laboratory  and  flight  configurations 

-  Clock  select  circuitry 

-  Flight  configuration  test  interface 

-  Laboratory  configuration  test  interface 

-  Visual  data  display. 

The  functions  listed  above  will  be  described  in  detail  in  the 
following  two  sections.  These  functions  will  be  described  in 
terms  of  their  functionality  with  respect  to  the  appropriate 
testing  configuration. 

2.  GSE  Configuration  To  Support  Laboratory  Testing  (refer 
to  Ficrure  4.4) 

The  Laboratory  test  configuration  is  required  to 
support  interface  circuit  testing,  MUSTANG  alignment,  and 
power  supply  testing.  The  PCM  encoder  is  not  available  in  the 
laboratory  environment;  therefore  all  laboratory  testing 
requires  the  GSE  to  simulate  the  PCM  encoder.  The  PCM  encoder 
control  signals  are  generated  by  the  Macintosh  II  computer 
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Figure  4.4  Block  Diagram  Showing  GSE  in  Laboratory 

Test  Configuration 

running  Labview  software  (purchased  from  National 
Instruments) .  Three  interface  boards,  designed  in  two 
configurations,  are  installed  in  the  computer.  The  installed 
configurations  consist  of: 

-  two  Multi-function  Input/Output  (MIO)  boards  (NB-MIO-16) 

-  one  Digital  Input/Output  (DIO)  board  (NB-DIO-32F) . 

The  computer  not  only  generates  control  signals,  but  digital 
data  acquisition  is  also  possible  with  the  bit  clock  running 
at  a  frequency  of  100  kHz  or  less.  The  MIO  boards  generate 
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the  simulated  PCM  encoder  control  signals  and  the  data  request 
signals  required  by  the  DIO  board.  The  DIO  board  is 
programmed  to  acquire  and  plot  512  frames  of  10-bit  digital 
data.  Each  frame  of  digital  data  corresponds  to  one  element 
of  the  512-element  PCD  image  sensor.  For  laboratory 
operation,  the  clock  select  switch  should  be  selected  to  the 
computer  position. 

The  GSE  generates  28  vdc  power  at  1.5  A  to  support 
testing  of  the  mission  power  supplies.  In  the  laboratory  test 
configuration,  the  power  supplies  are  removed  from  the  rocket 
and  are  attached  to  the  GSE  via  the  23'  and  24'  connectors. 
In  this  configuration  the  relay  box  is  not  available  to 
control  the  sequencing  of  the  power.  Two  switches  (Laboratory 
Power  Sequencing)  control  both  the  HV  power  distribution  and 
the  instrumentation  power  distribution.  In  the  event  the 
flight-configured  power  supplies  are  not  available,  any  power 
supply  capable  of  delivering  the  rated  power  may  be  interfaced 
using  the  appropriate  connectors  at  positions  P23'  and  P24'. 
The  28  v  power  supply  also  provides  power  to  a  5  v  GSE 
internal  power  supply.  The  internal  power  supply  provides 
power  for  the  GSE  logic  circuits  and  visual  data  display  (10 
Light  Emitting  Diodes-LEDs) . 

In  the  laboratory  configuration,  the  GSE  is  interfaced 
to  MUSTANG  utilizing  the  PG3-P401*  jumper.  In  this  test 
configuration,  the  PCM  encoder  and  the  relay  box  have  been 
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excluded.  The  computer  will  provide  the  control  signals  and 
capture  the  digital  data. 

3.  QBE  To  Support  Pre-Plight  Testing  (see  Figure  4.5) 

Once  MUSTANG  has  been  integrated  to  the  sounding 
rocket,  testing  is  performed  to  ensure  proper  operation  of  the 
complete  flight  package.  In  this  configuration  the  flight- 
qualified  power  supplies  are  installed  in  the  electronics 
section  as  illustrated  in  Figure  4.2b.  The  HV  power  supply 
jumpers  (connector  25)  may  or  may  not  be  installed  based  on 
the  current  status  of  installation  and  testing.  Power 


Figure  4.5  Block  Diagram  Showing  GSE  in  Pre-Flight 

Test  Configuration 
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sequencing  of  the  system  will  be  controlled  by  the  system 
timing  relays.  The  PG3-P401'  connector  is  not  used  and  the 
GSE  is  interfaced  to  the  sounding  rocket  via  the  GGE  Interface 
Connector  (connector  26) .  The  computer  will  not  generate 
control  signals  in  this  configuration,  but  the  computer  will 
be  available  to  collect  data.  The  PCM  encoder  is  required  to 
operate  as  it  would  in  flight.  Data  transmitted  by  the  rocket 
may  be  compared  to  data  accumulated  by  the  computer  and  system 
operation  can  be  verified. 

An  alternate  configuration  is  possible  if  the 
telemetry  and  control  electronics  are  not  available  for 
testing.  NRL  has  developed  a  28  v  power  supply  that  can  be 
externally  jumpered  to  the  28  v  Monitor  Board  (see  Figure 
4.2b).  The  jumper  at  PG1  is  disconnected  isolating  the  PCM 
encoder.  The  GSE  generates  a  28  v  signal  which  can  be 
externally  applied  (see  Figure  4.2c)  to  the  relay  box.  In 
this  configuration,  the  system  control  signals  will  be 
generated  by  the  computer.  Subsequent  data  collection  will 
also  be  performed  by  the  computer. 

C.  GENERAL  TESTING 

Three  basic  test  configurations  have  been  presented. 
Detailed  analysis  of  Figure  4.1  suggests  that  a  wide  variety 
of  testing  configurations  are  possible.  The  instrument  can 
be  configured  to  support  most  any  test  configuration  that  the 
current  situation  dictates;  however,  care  must  be  taken  to 
understand  the  implications  of  an  alternate  test  setup. 
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V.  CIRCUIT  DEVELOPMENT  AMD  TESTING 

A.  PROTOTYPE  DEVELOPMENT  AND  TE8TING 

Prototype  development  was  initiated  by  determining  the 
operating  characteristics  of  the  PCM  encoder  and  the  PCD  image 
sensor.  Discussions  with  NRL,  RSI,  and  NASA  further  defined 
the  operating  requirements  of  the  MUSTANG  interface  circuit 
as  discussed  in  Chapter  III.  Once  the  initial  background  was 
completed  and  the  desired  operating  characteristics  were 
defined,  the  original  schematic  for  the  system  was  designed. 

The  original  system  schematic  was  analytically  tested  to 
verify  the  proper  interfacing  of  MUSTANG  and  the  PCM  encoder. 
The  availability  of  electrical  components,  specifically  the 
ADC  and  the  FIFO,  required  changes  to  be  made  to  the  original 
schematic.  Once  the  changes  were  implemented,  circuit 
operation  was  re-verified  analytically.  Successful  completion 
of  analytical  circuit  verification  led  to  the  purchase  of  the 
required  electrical  components  (illustrated  in  Figure  3.3). 

The  initial  operational  circuit  was  layed  out  on  a  bread¬ 
board  and  tested  for  proper  operation.  At  this  point  in 
development,  the  GSE  was  not  available  and  initial  testing  was 
performed  using  the  test  circuit  illustrated  in  Figure  5.1. 
A  spare  PCD  image  sensor  was  purchased  and  was  mounted  in  a 
monochromator  to  support  circuit  testing.  The  PCD  image 
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Figure  5.1  Prototype  Interface  Circuit  Test 
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sensor,  utilized  independently  of  the  image  intensifier,  is 
a  visible  light  detector.  The  BIT  clock  was  generated  with 
a  Wavetek  11  MHz  stabilized  sweep  generator  operating  at  200 
kHz.  The  FRAME  clock  was  generated  with  a  Wavetek  model  130 
function  generator  operating  at  18.5  Hz.  The  WORD  clock  was 
simulated  by  tieing  the  TRIGGER  pulse  to  the  WORD  clock  input. 
The  ENABLE  pulse  was  disregarded  and  the  WORD  clock  was  also 
tied  to  this  input. 

Initial  testing  was  performed  to  determine  the  linear 
response  of  the  AD  conversion  process  and  to  assure  proper 
FIFO  operation.  Light  Emitting  Diodes  (LEDs)  were  used  to 
determine  digital  data  output.  The  detector  output  was 
disconnected  from  the  ADC  input  and  a  known  dc  input  was 
applied  to  the  ADC  input.  The  results  of  the  test  are 
illustrated  in  Figure  5.2a.  The  response  of  the  ADC  was 
linear  but  additive  noise  adversely  impacted  the  AD  conversion 
of  analog  data  (see  Figure  5.2b).  The  observed  noise 
coincided  with  the  edges  of  the  BIT  clock  and  it  was  apparent 
that  the  BIT  clock  was  radiating  into  adjacent  circuit 
components.  The  noise  component,  superimposed  on  the  signal, 
was  a  damped  sinusoid  (ringing)  with  a  frequency  of  10  MHz  and 
a  maximum  zero  to  peak  level  of  100  mv.  The  noise  would  damp 
to  zero  in  approximately  0.5  nsec.  The  initial  circuit  design 
did  not  provide  noise  reduction  capacitors  between  the  power 
and  ground  leads  of  each  circuit  component  as  suggested  by 
reputable  authors  [Ref.  11]. 
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Figure  5.2a  Linearity  Test  for  Prototype  Interface 
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PROTOTYPE  ANALOG  TO  DIGITAL 
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Figure  5.2b  Expanded  View  of  Linearity  Test  for  Prototype 

Interface  Circuit 
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The  testing  of  the  bread  board  circuit  validated  the 
MUSTANG  interface  design.  Improved  noise  reduction  was 
anticipated  by  implementing  a  circuit  board  design  and 
utilizing  noise  reduction  techniques. 

B.  INITIAL  CIRCUIT  BOARD  DEVELOPMENT  AND  TESTING 

The  initial  circuit  board  was  designed  with  noise 
reduction  in  mind.  The  following  noise  reduction  techniques 
were  used: 

-  The  high  frequency  noise,  superimposed  on  the  power  leads, 
was  suppressed  by  establishing  a  high  frequency  ground 
path  using  a  parallel  combination  of  0.01  nF  and  10. 0  /xF 
capacitors. 

-  Analog  ground  leads  were  separated  from  digital  ground 
leads  and  the  ground  leads  were  tied  together  as  far  as 
possible  from  the  interface  circuitry. 

-  Each  circuit  component  power  lead  was  filtered  by  placing 
a  0.01  mF  capacitor  between  the  power  and  ground  pins. 
This  capacitor  was  placed  as  close  as  possible  to  the 
component  to  minimize  lead  length  and  subsequent 
interference  from  adjacent  leads. 

The  board  was  fabricated  utilizing  a  milling  machine  designed 

for  cutting  circuit  boards.  The  testing  configuration  of 

Figure  5.1  was  utilized  to  validate  the  circuit  design.  The 

testing  results  are  documented  in  Figure  5.3.  Comparison  of 

Figures  5.2  and  5.3  confirm  the  improved  noise  performance  of 

the  initial  circuit  board  over  the  prototype  circuit 

(discussed  above  in  part  A) .  The  influence  of  noise,  on  the 

prototype  circuit,  resulted  in  nonlinear  performance  of  the 

three  least  significant  bits  (80  mv,  40  mv,  20  mv  bits)  .  When 

the  initial  circuit  board  was  tested,  only  the  least 
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Figure  5.3a  Linearity  Test  for  Milled  Interface  Circuit 
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significant  bit  (20  mv  bit)  had  a  nonlinear  response. 
Oscilloscope  measurements  of  the  analog  data  signal  revealed 
that  the  peak  to  peak  amplitude  of  the  superimposed  noise  had 
been  reduced  from  100  mv  to  12  mv.  The  initial  circuit  board 
reduced  the  noise  by  a  factor  of  eight  while  maintaining  a 
linear  AD  conversion  characteristic.  [Ref.  11] 

Close  examination  of  the  AD  conversion  timing  sequence 
verified  that  the  conversion  of  the  two  least  significant  bits 
was  occurring  2.5  n sec  after  the  leading  edge  of  TRIGGER 
pulse.  The  2.5  jisec  delay  corresponded  to  both  the  falling 
edge  of  the  BIT  clock  and  the  maximum  observed  noise  (see 
Figure  5.4).  Readjustment  of  the  ENCODE  pulse  width  (see 
Figure  3.3)  resulted  in  the  AD  conversion  being  completed 
prior  to  the  falling  edge  of  the  BIT  clock.  By  advancing  the 
AD  conversion,  the  adverse  impact  of  noise  on  the  digitizing 
process  was  eliminated  (see  Figure  5.5).  Validation  of  the 
interface  circuitry  was  now  complete. 

Upon  completion  of  circuit  validation,  development  of  a 
formal  test  circuit  was  initiated.  The  test  circuit,  known 
as  the  GSE  (see  Chapter  IV),  was  developed  to  support  a 
variety  of  testing  requirements.  The  GSE  design  was  validated 
by  operationally  testing  a  protot  ype  constructed  on  a  bread¬ 
board.  During  this  test,  the  Macintosh  computer  generated 
all  of  the  system  clocks  and  collected  the  digitized  video 
data.  The  development  of  the  GSE  resulted  in  the  ability  to 
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Figure  5.5a  Linearity  Test  for  Milled  Interface  Circuit 
after  ENCODE  Pulse  Width  Adjustment 
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Figure  5.5b  Expanded  View  of  Linearity  Test  for  Milled 
Interface  circuit  after  ENCODE  Pulse  Width  Adjustment 
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acquire  an  accurate  visible  mercury  spectrum.  Figure  5.6 
illustrates  three  spectrums  which  were  obtained  using  a 
mercury  light  source  and  the  monochromator.  The  observed 
mercury  spectrum  consisted  of  one  green  line  at  5461  A  and  two 
yellow  lines  at  5770  A  and  5791  A.  With  the  light  slit 
completely  closed  on  the  monochromator,  the  dark  response  of 
Figure  5.6a  was  obtained.  From  Figure  2.14,  the  expected  dark 
response  at  25°  C  is  90  mv.  The  theoretical  response  of  90  mv 
validated  the  observed  response  of  80  mv  to  100  mv.  In 
Figures  5.6b  and  5.6c,  the  light  slit  opening  was  varied  to 
confirm  proper  operation  of  the  interface  circuit  and  GSE  over 
the  full  range  of  light  intensity. 

During  this  stage  of  testing,  it  was  determined  that  the 
Macintosh  computer,  running  in  the  Labview  environment,  was 
incapable  of  accurately  acquiring  data  when  the  BIT  clock  was 
operated  at  a  frequency  greater  than  120  kHz.  By  observing 
the  digitizing  process  with  the  oscilloscope,  proper  operation 
of  the  interface  circuit  and  GSE  was  confirmed  with  the  BIT 
clock  operating  at  200  kHz.  Follow-on  trouble  shooting 
verified  that  when  the  BIT  clock  was  operated  at  a  frequency 
greater  than  120  kHz,  the  computer  could  not  retrieve  all  the 
data  sent  to  the  interface  circuit  output  buffer.  At  a  BIT 
clock  frequency  of  200  kHz,  the  computer  would  miss  one  third 
of  the  data.  The  remainder  of  the  testing  was  performed  at 
100  kHz,  noting  that  the  observed  spectrum  amplitudes  would 
be  two  times  greater  than  the  spectrum  amplitudes  observed  at 
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Figure  5.6a  Dector  Response  with  no  Light  Present 

(Dark  Counts) 
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VOLTAGE  OUTPUT  (MV  X10) 
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Figure  5.6b  Visible  Mercury  Spectrum  with  Monochromator 

Slit  Partially  Open 
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VOLTAGE  OUTPUT  (MV  X10) 
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Figure  5.6c  Visible  Mercury  Spectrum  with  Monochromator 
Slit  Open  to  the  Point  of  PCD  Image  Sensor  Saturation 


31 


200  kHz.  The  two-fold  increase  in  spectrum  amplitude  is 
directly  proportional  to  the  increased  integration  time.  Once 
the  GSE  testing  was  completed  satisfactorily,  the  permanent 
test  equipment  was  fabricated  as  described  in  Figure  4.3. 

C.  FINAL  CIRCUIT  BOARD  FABRICATION ,  INTEGRATION ,  AND  TESTING 

From  the  schematic  used  to  generate  the  initial  milled 
interface  circuit  board,  artwork  for  an  etched  circuit  board 
was  fabricated.  Two  etched  interface  circuit  boards  were 
purchased  and  populated  (one  board  served  as  a  backup) .  A 
flight  chassis  was  milled  from  aluminum,  and  the  interface 
circuit  board  was  installed  in  the  chassis.  NRL  provided  an 
instrument  mounting  bracket  that  was  a  replica  of  the  flight 
mounting  bracket.  Research  Support  Instruments  (RSI)  mounted 
the  flight  detector  onto  the  replicated  mounting  bracket  and 
sent  the  assembled  system  to  NPS.  At  NPS,  the  flight  chassis 
was  secured  to  the  mounting  bracket.  The  final  cable  runs 
were  fabricated  and  installed.  MUSTANG  was  now  completely 
assembled  and  ready  to  undergo  the  final  phase  of  testing. 

The  final  phase  of  testing  was  performed  by  operating 
MUSTANG  in  a  known  ultraviolet  (UV)  environment.  Testing  was 
performed  utilizing  the  laboratory  test  configuration 
described  in  Chapter  IV  (see  Figure  4.4).  A  mercury  light 
source  was  used  to  illuminate  the  instrument  resulting  in  the 
spectrum  recorded  in  Figure  5.7  (single  spectral  line  occurs 
at  a  wavelength  of  2537  A)  .  The  observed  spectrum  matched  the 
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ARRAY  ELEMENT  NUMBER 


Figure  5.7  Mercury  Ultraviolet  Spectrum 


predicted  wavelength  response  of  a  mercury  spectrum  thereby 
validating  the  operation  of  MUSTANG. 


D.  SYSTEM  INTEGRATION  AND  ILLUSTRATIVE  PHOTOGRAPHS 

Photographs  of  the  integrated  flight  instrument  system 
have  been  provided  in  Figures  5.8-5.14.  Additionally,  sample 
waveforms  have  been  included  for  general  interest.  All 
clocked  waveforms  were  generated  by  the  Macintosh  computer 
operating  in  the  Labview  environment.  The  following  is  a 
brief  synopsis  of  each  photograph: 

-  Figure  5.8  illustrates  MUSTANG  configured  in  a  laboratory 
test  environment.  Pictured  equipment  includes  the 
Macintosh  computer,  GSE,  5  and  +15  v  power  supplies,  and 
the  detector 

-  Figure  5.9  illustrates  the  flight  inter  ice  circuit 
(fabricated  and  assembled  at  NPS) 

-  Figure  5.10  illustrates  the  10  kHz  WORD  clock  (bottom) 
referenced  to  the  100  kHz  BIT  clock  (top) 

-  Figure  5.11  illustrates  the  TRIGGER  signal  (bottom) 
referenced  to  the  100  kHz  BIT  clock  (top)  .  There  are  four 
BIT  clock  cycles  to  each  TRIGGER  period 

-  Figure  5.12  illustrates  the  ENABLE  pulse  (bottom) 
referenced  to  the  to  the  10  kHz  WORD  Clock  (top) .  There 
are  16  WORD  pulses  for  each  ENABLE  pulse  representing  the 
16  WRITE  commands  required  for  each  row  of  the 
communication  frame 

-  Figure  5.13  illustrates  the  AD  conversion  of  the  least 
significant  bit  (bottom)  referenced  to  the  TRIGGER  signal 
(top) 

-  Figure  5.14  illustrates  the  FRAME  period  of  102.4  msec. 
The  pulse  width  is  small  (600  nsec)  in  relation  to  the 
periodicity  of  the  signal. 
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Figure  5.8  Detector  and  Test  Equipment  in  Laboratory 

Test  Configuration 


Figure  5.9  Flight  Qualified  Interface  Circuit 
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Figure  5.10  Computer-Generated  BIT  Clock  (Top)  and 

WORD  Clock  (Bottom) 

(Vertical  Scale:  5  v/div,  Horizontal  Scale:  20  /zsec/div) 


Figure  5.11  Computer-Generated  BIT  Clock  (Top)  and 

TRIGGER  (Bottom) 

(Vertical  Scale:  5  v/div,  Horizontal  Scale:  10  n sec/div) 


Figure  5.12  Computer-Generated  WORD  Clock  (Top)  and 

ENABLE  (Bottom) 

(Vertical  Scale:  2  v/div,  Horizontal  Scale:  .5  msec/div) 


Figure  5.13  TRIGGER  Signal  (Top)  and  the 
Digitizing  of  the  Least  Significant  Bit  (Bottom) 
(Vertical  Scale:  2  v/div.  Horizontal  Scale:  2  Msec/div) 


Figure  5.14  FRAME  Pulse  (Period  102.4  msec) 
(Vertical  Scale:  2  v/div,  Horizontal  Scale:  20  msec/div) 


By  analyzing  the  photographs,  the  following  conclusions 
can  be  drawn: 

-  The  WORD  clock  is  properly  synchronized  to  the  BIT  clock 

-  The  TRIGGER  signal,  generated  by  the  PCD  image  sensor,  is 
properly  synchronized  to  the  BIT  clock.  The  TRIGGER  pulse 
width  is  1  BIT  period 

-  16  WORD  clock  periods  occur  each  time  the  ENABLE  pulse  is 
high.  The  ENABLE  signal  has  a  duty  cycle  of  50  percent 

-  The  least  significant  bit  is  converted  by  the  ADC  prior 
to  the  falling  edge  of  the  BIT  clock.  The  influence  of 
edge  noise  on  the  AD  conversion  of  the  analog  signal  is 
eliminated 

-  The  frame  clock  period  is  102.4  msec. 

The  photographs  documented  the  proper  operation  of  the  MUSTANG 
interface  board  and  the  GSE. 
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VI.  CONCLUSIONS 


The  development  and  integration  of  MUSTANG  afforded  NPS 
the  opportunity  to  participate  collectively  with  other 
organizations  in  scientific  research.  The  operational  theory 
required  for  MUSTANG  was  developed  collectively  by  NPS 
students  and  NRL  scientists.  The  Office  of  Naval  Research 
approved  the  operational  theory  and  recommended  further 
research.  To  support  continued  research,  NASA  approved  a 
sounding  rocket  experiment  (36.053),  scheduled  for  February 
1990.  The  operational  theory  evolved  into  a  detector  design 
sponsored  by  NPS  and  fabricated  by  RSI.  NPS  students  actively 
participated  in  the  integration  of  the  detector  to  both  the 
rocket  platform  and  the  HIRAAS  instrument. 

During  the  integration  process,  electronic  circuits  were 
designed,  prototyped,  tested,  fabricated  and  assembled  by  NPS 
students  and  staff.  The  MUSTANG  interface  circuit  design 
evolved  as  follows: 

-  The  PCM  encoder  and  PCD  image  sensor  operational 
specifications  were  studied  in  detail  to  determine  the 
interface  requirements. 

-  Operational  limitations  of  the  PCM  encoder  and  the  PCD 
image  sensor  required  that  the  data  acquisition  and  data 
transmission  processes  occur  asynchronously.  A  schematic 
was  designed  that  would  support  asynchronous  operation  of 
the  PCD  image  sensor  and  the  PCM  encoder.  The  schematic 
consisted  of  three  monostables  for  waveshaping,  one  ADC, 
one  memory  device,  one  reference  signal  generator,  and  the 
required  wiring  to  interface  the  detector  to  the  PCM 
encoder. 
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-  Using  the  schematic  as  justification,  the  prototype 
circuit  was  built  and  tested.  Testing  of  the  prototype 
validated  the  asynchronous  design  criteria;  however,  the 
edge  noise  resulting  from  the  BIT  clock  was  excessive. 
The  excessive  noise  distorted  the  data  contained  in  the 
three  least  significant  bits  of  the  ADC. 

-  The  initial  circuit  board  was  engineered  and  fabricated 
to  validate  the  artwork  for  the  flight  circuit  board  and 
to  incorporate  and  test  noise  reduction  techniques.  The 
noise  reduction  techniques  consisted  of: 

-  providing  a  high  frequency  ground  for  the  power 
leads. 

-  providing  a  high  frequency  ground  for  individual 
component  power  leads. 

-  separating  the  analog  and  digital  ground  leads. 

By  using  these  noise  reduction  techniques,  the  noise  was 
reduced  by  a  factor  of  eight  over  the  prototype  circuit. 
The  final  noise  reduction  technique  involved  the 
adjustment  of  the  ENCODE  pulse  width.  The  pulse  width 
was  shortened  to  600  nsec  ensuring  the  completion  of  the 
AD  conversion  prior  to  the  falling  edge  of  the  BIT  clock. 


-  Based  on  the  artwork  produced  and  validated  during  the 
development  of  the  initial  circuit  board,  two  flight 
boards  were  fabricated. 

-  To  support  testing  of  the  flight  boards  in  a  variety  of 
operating  environments  including  pre-flight  testing,  the 
GSE  was  designed  and  built.  Integrated  testing  of  the 
instrument  in  the  laboratory  environment  validated  the 
proper  operation  of  the  interface  board  and  the  GSE; 
however,  the  data  acquisition  routine  did  not  function 
accurately  when  the  BIT  clock  was  operating  at  200  kHz. 
The  acquisition  routine  did  operate  accurately  at  100  kHz; 
consequently,  the  remainder  of  the  testing  was  performed 
with  the  BIT  clock  operating  at  100  kHz. 

The  development  and  integration  of  MUSTANG  afforded  the 

NPS  students  the  opportunity  to  actively  participate  in 

research  beyond  the  scope  of  study  that  is  achievable  in  a 

classroom  environment.  Specifically,  the  MUSTANG  experiment 
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provided  the  engineering  student  the  opportunity  to 
participate  in  a  program  environment.  Engineering  issues  of 
concern  included  parts  availability,  production  deadlines, 
component  compatibility,  noise  reduction,  and  subsystem 
integration. 

The  opportunity  for  future  engineering  work  related  to 
MUSTANG  is  uncertain.  If  the  rocket  experiment  validates  the 
proposed  theory,  future  experiments  involving  space-based 
systems  are  likely.  If  the  proposed  theory  is  not  validated 
by  MUSTANG,  future  research  may  be  devoted  to  re-engineering 
the  instrument  or  re-developing  the  theory. 
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APPENDIX  A 


INSTRUMENTATION  SYSTEM  DESIGN  REVIEW  PACKAGE 

This  appendix  provides  specific  technical  information 
pertaining  to  the  following: 

-  Transmitter 

-  PCM  Encoder  Operational  Configuration 

-  RF  Link  Analysis 

-  Detailed  PCM  Encoder  Communication  Matrix 

-  PCM  Encoder  Addressing  List 

-  Comprehensive  List  of  Flight  Instrumentation. 
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( !» hii  |hi  i •* i  St  irm'f  \  C.»i|Mii4*mn 
\jH«lntl  li. (jiiup.im 


June  5.  1989 


MEMORANDUM 

TO:  Paul  Buchanan,  Payload  Manager 

FROM:  Warren  R.  Dufrene,  Jr.,  Instrumentation  Engineer 

SUBJECT:  Instrumentation  System  Design  Review  Package  for  Payload  36.053 
McCoy/Naval  Research  Lab 


Introduction 

This  flight  is  planned  to  fly  from  WSMR  in  February  1990.  The  instrumentation 
design  Is  similar  to  36.010  which  flew  from  WSMR  in  February  of  1986.  An  S-19 
guidance  system  has  been  added  for  this  flight.  The  PCM  format  has  been 
changed  to  accomodate  the  added  data  channels  of  the  S-19  and  new  experiment. 
The  PCM  system  will  run  at  200  Kbit.  Also,  an  electronic  timer  will  be  flown 
this  flight. 

Telemetry  System  Description 

The  TM  system  contains  a  200  Kbit  PCM/FM  RF  link  9  2269.5  MHz.  The  PCM  system 
Is  a  Vector  MMP-600  series  Micro-PCM  encoder  using  BI0-L  code.  This  link 
contains  all  experiment  data,  S-19  data,  ACS  data,  and  TM  housekeeping  data. 
The  transmitter  Is  a  S-watt  Vector  T105S. 


RF  carrier  deviation,  IF  and 
fol lows: 

video. bandwidth,  and  safety  factor  are  as 

PCM/FM  Link  (200  Kbit  B10-L) 

Carrier  Frequency 

2269.5 

Carrier  Deviation 

+200  KHz  S,  *  13.7  dB 

T.O  MHz 

Receiver  2nd  IF  Bandwidth 

Receiver  Video  Bandwidth 

400  KHz 

A  Vega  C-Band  radar  transponder  will  be  used  for  trajectory  data.  Associated 
with  this  transponder  is  a  2-way  powor  divider,  two  phase  matched  RF  cables, 
and  two  C-Band  antennas  mounted  physically  180*  apart. 

Thrust  acceleration  data  Is  obtained  from  two  accelerometers  mounted  in  the 
thrust  axis.  One,  a  Setra  141A  accelerometer  Is  conditioned  to  a  +3UG  -20G 
range.  The  second,  an  Eddiff  accelerometer,  has  a  +17G  -1G  range  and  meets 
the  WSMR  IIP  Program  requirements.  A  _+SG  Setra  accelerometer  will  be  used  In 
the  X-Axis  for  lateral  acceleration  data. 

Housekeeping  data  consists  of  the  usual  bus  voltage  monitors,  pyro  squib 
current  monitors,  bus  current  monitors,  and  temperature  monitors.  Recovery 
system,  vehicle  and  Ignition  systems  are  also  Included  In  housekeeping  data. 


UuikluiK  k-io/wkk 
Walloji*  Maud.  Virginia  'Z3S37 
HIM.  87-1  I '"18 


Please  note  the  following  attachment': 

1.  RF  Link  Analysis 

2.  PCM  Measurement  List 

3.  PCM  Format 

4.  PCM  Stack  Arrangement 

5.  PCM  Stack  Module  Addressing 

6.  MMP-600  Micro  PCM  E-Prom  Program 

7.  Instrumentation  Components  List 
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36.053 

McCoy/Naval  Research  Lab 
System  Parameters 


Carrier  Frequency 
Modulation  Type 
Radiated  Power 
Downlink  Carrier  Deviation 
Ground  Station  Receiver 
IF  Bandwidth 
Video  Bandwidth 
PCM  Code: 

Bit  Rate: 

Words/Minor  Frame 
Minor  Frames/Major  Frame 
Bits/Word 
Sync  Word  #1 

Sync  Word  #2 
Bit  Alignment 
SFID  Counter  Location 
SF1D  Word 

t  of  Bits  In  ID  Counter 
ID  Counter  Counts 
Parity: 


2269.5  MHz 
PCM/FM 
>5  Watts 
+200  kHz 

1  MHz 
400  KHz 
BI0-L 

200  Kbit/Second 
32 
32 
10 

1110110111 
MSB  LSB 

1000100000 

MSB  First 

Word  1 

000242322212°00  LSB 
5 

Up  t  MSB  First 
None 
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36.053 

McCoy/Naval  Research  Lab 
RF  Link  Analysis 

Sf  ■  Safety  Factor  (dB's) 

Sf  "  Pt  +  °1  +  6t  +  6r  "  S^N  *  •  pl 

Pfc  *  Transmitter  Power  *  Watts  (min.)  In  dBw  ■  5  Watts  (Min)  »  7  dbw 

0^  »  Dlplexer  Insertion  Loss  *  -1.3  dB  (Not  Used) 

Gt  *  Transmitting  Antenna  Gain  *  -6  dB  WFF  Microstrip  17.25“  Dia. 

G  *  Receiving  Antenna  Gain  =  [37.2  dB  (Ilium.  Factor  55%)  -3  dB 

-3  dB  (Polarization  Mismatch)] 

*  31.2  dB  (Antenna  Gain  for  10*  Dish) 

S/N  ■  Sign?!  to  noise  ratio  In  dB  *  13  dB  for  PCM/FM 


Bf  -  10  Log10  (KT$B)  K  »  1.38  x  10"23  joules/0* 

K  »  Boltzmann's  Constant  B  =  1,000  KHz 

B  a  Receiver  2nd  IF  Filter  T,.  =  System  Noise  Temp. 

Bandwidth  4 


TA  *  Antenna  Noise  Temp. 

Tj  ■  TA  +  TR  T^  *  Receiving  Noise  Temp. 

T.  »  (40°)6  +290  (1-6)  6  *  Power  transmission  coefficient  for 

the  transmission  -  line  preceding 
the  pre-amp  »  .9 

Ta  -  36°K  +  29°K  =*  65 °K 

TR  "  TPA  +  ^-TDC/gPA^  +  *-Tc^9PA  x  9DC^  +  ^Tr^9PA  x  9DC  x  9c^ 

TpA  *  Pre-Amp  Noise  Temp 

Tqc  *  Down  Converter  Noise  Temp 

Tc  ■  RF  Cable  Noise  Temp 

Tp  »  Receiver  Noise  Temp 

T$  «  (220°K  9  WSMR) 

Bf  -  10  Log10  (KTSB)  -  -145.2  dB 
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**L  •  Path  Loss  -  20  LoglQ  [4*  FR)/C] 

-  20  Log10  F*  ♦  20  Log1()R**  ♦  20  Logl0  (4*  /C) 

C  -  Speed  of  Light  In  Km/Sec  *  2.9979  x  105  Km/Sec 

*F  *  Freq.  in  Hz  *  2,269,500,000 

**R  *  Range  in  Km  *  360  Km  {Max  Slant  Range) 

PL  -  150.7  dB 

Sf  ■  7  dB  +  (-6  dB)  +  31.2  dB  -  13  dB  -  (-145.2  dB)  -  150.7  dB 

Sf  -  13.7  dB 
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36.053 

McCoy/Naval  Research  Lab 
PCM  Measurement  List 


Format 

Label 

Parallel 

Data  Description 

Digital  Data 

Bit 

PI 

1  MSB 

Prog  Event 

#1 

2 

2 

3 

3 

4 

4 

5 

5 

6 

6 

7 

7 

8 

8 

9 

\ 

V 

9 

10  LSB 

Prog  Event 

#10 

Bit 

P2 

1  MSB 

Prog  Event 

111 

2 

12 

3 

13 

4 

14 

5 

15 

6 

16 

7 

17 

8 

18 

9 

\ 

t  > 

t 

19 

10  LSB 

Prog  Event 

120 

Bit 

P3 

1  MSB 

Prog  Event 

121 

2 

22 

3 

23 

4 

24 

5 

25 

6 

26 

7 

27 

8 

28 

9 

y 

f 

1 

29 

10  LSB 

Prog  Event 

130 

Time  Slot 
WD  FR  I NT 


12  1  8 


12  3  8 


12  5  8 


Sample  Rate 
SPS 


78 


78 


K 


78 


4 
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36.053 

McCoy/Naval  Research  Lab 
PCM  Measurement  List  (cont.) 


Label  Data  Description? 

Parallel  Digital  Oata  (cont.l 


P4 


Bit 


MSB  Prog  Event  #31 

\  I  s 

Prog  Event  #34 


P5-1 

P5-2 

P5-3 

P5-4 

P5-5 

P5-6 

P5-7 

P5-8 

P5-9 

P5-10 

P5-11 

P5-12 

P5-13 

P5-14 

P5-15 

P5-16 


Exp  Oata 


4-  * 

Exp  Data 
Bit 


P6 


1  MSB 

2 

3 

4 

5 

6 

7 

8 

9 

10  LSB 


Data 


l 

Data 


Time  Slot 
WO  FR  HJT 


12  7  8 


15  1 

16  1 

17  1 

18  1 

19  1 

20  1 

21  1 

22  1 

23  1 

24  1 

25  1 

26  1 

27  1 

28  1 

29  1 

30  1 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


12  4  4 


Sample  Rate 
SPS 


78 


625 

625 

625 

625 

625 

625 

625 

625 

625 

625 

625 

625 

625 

625 

625 

625 


156 
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36.053 

McCoy/Naval  Research  Lab 
PCM  Measurement  List  (cont.) 


Format 

Label 

S-19  Data 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

A9 

A10 

All 

A12 

A13 

A14 

A15 

A16 

A17 

A18 

A19 

A20 

A21 

A22 

A23 

A24 

A25 


Gyro  Roll 
Gyro  Pitch 
Gyro  Yaw 
Roll  Resolver  Uo 
Roll  Resolver  U41 
Servo  Amp,  S6y 
Servo  Amp,  SSz 
Servo  Rtn,  U4y 
Servo  Rtn,  USz 
+15V 
-15V 

Batt  1  -18V 
Batt  2  +28V 
Batt  3  +8V 
L.O. /Timer  Zero 
Start  Guidance 
Canard  Decouple 
Current  Monitor 
Bottle  Pressure 
Regulated  Pressure 
Module  Off  Cmd 
Gyro  Cage  Cmd 
Gyro  Uncage  Cmd 
Gyro  Pitch,  Full  Scale 
Gyro  Yaw,  Full  Scale 


ACS  Oata 

A26 

A27 

A28 

A29 

A30 

A31 

A32 

A33 

A34 

A35 

A36 

A37 

A38 


Roll  Valves 
Roll  Position 
Roll  Rate 
Roll  Fine 
Roll  Cosine 
Pitch  Valves 
Pitch  Position 
Pitch  Rate 
Pitch  Resolver 
Yaw  Valves 
Yaw  Position 
Yaw  Rate 
Yaw  Fine 


Time  Slot 


WD 

FR 

I  NT 

11 

1 

1 

7 

2 

2 

8 

4 

4 

5 

1 

16 

5 

2 

16 

5 

3 

16 

5 

4 

16 

5 

5 

16 

5 

6 

16 

2 

26 

32 

4 

14 

16 

5 

15 

16 

5 

16 

16 

2 

27 

32 

4 

15 

16 

5 

7 

16 

5 

8 

16 

5 

9 

16 

5 

10 

16 

5 

11 

16 

2 

28 

32 

2 

29 

32 

2 

31 

32 

5 

12 

16 

5 

13 

16 

8 

1 

4 

6 

4 

4 

3 

2 

16 

3 

3 

16 

3 

4 

16 

8 

2 

4 

3 

5 

16 

3 

6 

16 

3 

7 

16 

8 

3 

4 

3 

8 

8 

3 

1 

8 

3 

10 

16 

Sample  Rate 
SPS 


625 

312 

156 

39 

39 

39 

39 

39 

39 

19 

39 

39 

39 

19 

39 

39 

39 

39 

39 

39 

19 

19 

19 

39 

39 


156 

156 

39 

39 

39 

156 

39 

39 

39 

156 

78 

78 

39 
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36.053 

McCoy/Naval  Research  Lab 
PCM  Measurement  List  (cont.) 


Format 

Label  Data  Description 

ACS  Data  (cont.) 


A39 

A40 

A41 

A42 

A43 

A44 

A45 

A46 

A47 

A48 

A49 

A50 

A51 

A52 


Yaw  Resolver 

Slave  Roll  Position 

System  Mode 

Int  Rig 

+15V  Mon 

+26V  Mon 

Rflg  Heater  (Rol  1 } 
Rig  Heater  (Yaw) 

5V  Reg  Mon 
Bottle  Pressure 
Bottle  Temp 
Reg  Pressure 
Yaw  Fine  Pressure 
Roll  Fine  Pressure 


Time  Slot 
WD  FR  INT 


3  11  16 

3  12  16 

3  13  16 

3  14  16 

3  15  16 

2  32  32 

4  1  16 

4  2  16 

4  3  16 

4  8  8 

4  4  16 

4  5  16 

4  6  16 

4  7  16 


TM  Housekeeping 


A53 

A54 

A65 


A58 

A59 

A60 

A61 

A62 

A63 

A64 

A65 

A66 

A67 

A68 

A69 

A70 

A71 

A72 

A73 

A74 

A75 

A76 


IRSA  Sys  1  Sig  Mon 
)RSA  Sys  2  Sig  Mon 
IRSA  H/S  Dply  Mon 
IRSA  Pressure  Mon 
;gn  SCM  1.  Ign,  Des,  Sep 
[gn  SCM  2.  Ign,  Des,  Sep 
!.B.  Motor  Chamber  Press 


Lanyard  Switch  #1 

TM  +28V  Bus  Mon 

TM  +5V  Mon 

Door  +28 V  Bus  Mon 

XMTR  Temp 

PCM  Stack  Temp 

IIP  Z-Accel  (+17  -1G) 

Z-Accel  (+20  -6G) 

X-Accel  (±5G) 

TM  Bus  Current 
XPOR  Bus  Current 
Exp  Batt  1  Bus  Current 
Door  Batt  Bus  Current 
N/C  Breakwire 
Timer  +5V 


Lanyard  Switch  #2 


4  9  16 
4  10  16 

4  11  16 

6  7  8 

4  12  16 

4  13  16 

6  6  8 

2  1  32 

2  2  32 

2  3  32 

2  4  32 

2  5  32 

2  6  32 

2  7  32 

9  1  1 

10  1  1 

7  1  2 

6  18 
6  2  8 

6  3  8 

6  5  8 

2  8  32 

2  9  32 

2  10  32 


Sample  Rate 
SPS 


39 

39 

39 

39 

39 

19 

39 

39 

39 

78 

39 

39 

39 

39 


39 

39 

39 

78 

39 

39 

78 

19 

19 

19 

19 

19 

19 

19 

625 

625 

312 

78 

78 

78 

78 

19 

19 

19 
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36.053 

McCoy/Naval  Research  Lab 
PCM  Measurement  List  (cont.) 


Format 

Label  Data  Description 


Time  Slot  Sample  Rate 

WO  FR  INT  SPS 


TM  Housekeeping  (cont.) 


A77 

Exp  Hi-Voltage  Men  #1 

? 

11 

32 

19 

A78 

Exp  Hi-Voltage  Mon  42 

2 

12 

32 

19 

A79 

Exp  8att  2  Bus  Mon 

2 

13 

32 

19 

A80 

Exp  Aspect  Relay  Mon 

2 

14 

32 

39 

A81 

+15V  DC/OC  Mon 

2 

15 

32 

19 

A82 

+5V  OC/OC  Mon 

2 

16 

32 

19 

A83 

Exp  Spare 

2 

17 

32 

19 

A84 

Film  Advance  Mon 

12 

2 

8 

78 

A85 

Door  Position  Mon 

12 

6 

8 

78 

A86 

8a  tt  1  +28 V  Mon 

2 

18 

32 

19 

A87 

Batt  2  Mon 

2 

19 

32 

19 

A88 

Door  Open/Close 

2 

20 

32 

19 

A89 

Sequence  Mon 

2 

21 

32 

19 

A90 

+5V  Amp  Mon 

2 

22 

32 

19 

A91 

+15V  Amp  Mon 

2 

23 

32 

19 

A92 

+5V  HV  Mon 

2 

24 

32 

19 

A93 

Skin  Temp  Mon 

2 

25 

32 

19 

A94 

Timer  41  Data 

13 

1 

1 

625 

A95 

Timer  42  Data 

14 

1 

1 

625 

A96 

ACS  Start  Mon 

5 

14 

16 

39 

36.053 

McCoy/Naval  Research  Lab 
PCM  Stack  Module  Addressing 
(Hardwire) 


Component 

A7  A6 


PD629  41  00 
PD629  #2  00 
MP-601L  41  00 
MP-601L  42  0  1 
MP-601L  #3  0  1 


Address 

A5  A4  A3  A2  A1  AO 

0  0  0  1  X  X 

0  0  1  0  X  X 

1  X  X  X  X  X 

0  X  X  X  X  X 

1  X  X  X  X  X 


Sync  #1  Inst 


0  110  111 


Sync  42  Inst 


0  0  0 


0  0  0  0  0 


Pattern  Length 


Pattern 


20 


11101101111000100000 


100 


© 

X 

X 

X 

X  CM 
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n 

o 

'O  •«  CM 
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i. 
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3  3  U  U 
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36.053 

McCoy/Naval  Research  Lab 
Instrumentation  Components  List 


Item  Qty  Component 


1  1 

2  1 

3  2 

4  1 

5  3 

6  1 

7  1 

8  1 

9  2 

10  2 

11  4 

12  1 

13  1 

14  1 

15  1 

16  2 


S-Band  Transmitter 
Transponder 
Transponder  Ant 
Transponder  Pwr  Oiv 
Thermisters 
Accelerometer 
Accelerometer 
Accelerometer 
Accelerometer  Cond  Box 
Current  Mon  Boxes 
Current  Sensors 
Diode  Logic  Mon  Box 
Pyro  Mon  Box 
TM  Mon  Box 
S-Band  Antenna 
Timers 


Mfg 

Model 

Vector 

T105S 

Vega 

302C-2 

PSL 

7.015 

Vega 

853-C2 

Fenwall 

Isocurve 

Edcliff 

7-101 

Setra 

141-A 

Setra 

141-A 

WFF 

— 

WFF 

F.W.  Bell 

MB-1020 

WFF 

WFF 

WFF 

Ball  Bros 

S/N  73, 

WFF 

Micro  PCM  Stack  Vector  MMP-600 


1  1  Programmer 

2  1  Timer 

3  2  Digital  Par.  Mux 

4  3  Analog  Mux 

5  1  Quad  Filter  &  Amp 

6  1  Formatter 

7  1  A-D  Converter 

8  1  Power  Supply 


Vector  PR-614 

Vector  TM-615P 

Vector  PD-629 

Vector  MP-601 

Vector  FL-619A 

Vector  FM-618 

Vector  A0-606-HS 

Vector  PX-628 


Comments 

2251.5  MHz 

C-Band 

Rams-Horn 

15IC  Ohm 

+27  -1G.  2-Axis 
+20  -5G,  Z-Axis 
+5G,  X-Axis 


(Built  in  Skin) 
Electronic  (Chucks 
or  Daves) 
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APPENDIX  B 


HAMAMATSU  PCD  IMAGE  SENSOR  TECHNICAL  DATA 


HAMAMATSU 

TECHNICAL  DATA 


PCD  LINEAR  IMAGE  SENSORS 
S2300  SERIES 

(50pm  x  5.0  mm  Aperture  Size) 


The  S2300  series  PCD  linear  Imago  sensors  are  monolllhlc 
sell-scanning  photodiode  arrays  designed  specifically 
lor  applications  In  multichannel  spectroscopy.  The  scan¬ 
ning  circuit  Is  constructed  by  a  Plasma-Coupled  Device 
(PCO).  This  soanner  Is  a  novel  bipolar  static  shill  register 
and  la  operatabie  with  a  single  low  power  supply  voltage. 

PCO  Image  sensors  feature  low  spike  noise,  large  sen¬ 
sitive  areas,  and  high  UV  tight  sensitivity  that  allow  high 
S/N  ratios  even  In  low-llght-lavel  detection  applications. 

The  photodiodes  ol  the  S2300  series  are  arrayod  In  a  row 
with  SO  pm  center  to  center  spacing  and  5.0  mm  height. 

The  sensitive  area  Is  twice  as  large  as  the  S2301  series, 
thus  well  suited  lor  low-light -level  detection  requiring  high 
sensitivity.  Three  different  numbers  of  photodiodes,  256 
(32300-2680),  312  (S2300-512Q),  and  1024  (S2300-10240) 
are  available.  Quartz  qlass  Is  the  standard  window  material. 

(Fiber  optic  window  types  are  also  available.) 

FEATURES 

•  Wide  photosensitive  area;  SO  pm  *  5.0  mm 

•  Bipolar-type  Image  sensor 

•  Wide  operating  frequency;  DC  to  2MHz 

•  Operatabie  with  low  voltage,  single  power 
supply 

•  Logic  Inputs  (start  pulse,  shift  clocks)  are 
TTL  compatible  (open  collector  type) 

•  Low  capacitive  switching  noise 

•  High  UV  sensitivity 

•  High  output  linearity  and  uniformity 

•  Low  dark  current  and  high  saturation 
charge  allow  a  long  Integration  time  (or  a 
wide  dynamic  range  even  at  room 
temperature. 

IMAGE  SENSOR  STRUCTURE 

The  PCO  linear  Image  sensor  Is  a  monolllhlc  Integrated  circuit  con¬ 
structed  with  photodiode  arrays.  PCD  shllt  register  and  switching  tran¬ 
slators  lor  addressing  the  photodiodes.  Fig.  t  shows  the  equivalent  cir¬ 
cuit. 

The  PCD  shllt  register  Is  a  static  type  sell-scanner  that  transfers  an 
addressing  pulse  along  (he  chain  driven  by  a  synchronized  three  phase 
clock.  Each  output  pulse  (negative  polarity)  from  tha  PCO  shllt  register  Is 
then  fed  to  the  base  electrode  of  each  p-n-p  switch  In  the  video  circuit. 
Photodiodes  act  as  the  emitters  In  these  lateral  translators,  and  operate 
In  the  charge  storage  mode.  Therefore  the  outputs  are  proportional  to 
the  product  ol  the  Illumination  Intensity  and  repeated  scanning  period. 

Aa  shown  In  Fig.  1,  the  equivalent  circuit  ol  S2300  aeries  Is  very  simple, 
no  dummy  photodiode  Is  necessary  and  the  signal  Is  available  (rom  only 
one  row  at  a  sequential  output.  Furthermore  the  uniformity  and  purity  ol 
the  signal  Is  high,  making  It  possible  to  measure  the  light  Intensity  more 
accurately  with  a  simple  peripheral  driving  and  signal  processing  circuit . 

Fig. 2  shows  the  sensor  geometry.  The  photodiodes  conslsl  ol  dlltusod 
p-type  regions  In  n-type  silicon  substrates.  The  charges  generated  In 
these  two  regions  are  collected  and  stored  on  the  associated  P-N  junc¬ 
tion's  capacitance  during  the  Integration  period.  The  p-lype  diffused 
region  la  epeclally  processed  to  have  high  seneltlvlty  in  the  UV  region 
and  lower  dark  leakage  current. 


ln4ermaU*rt  In  thto  4ata  ttw«i  to  b«tl«v«4  l«  b#  r*tt«Uto.  Mowava*.  no  imiwiUMiy  to  fitumto  tm  poaaitrto  tn*c«ut*cto«  or  omtotoori. 
IpMlftotUoot  a«o  wjfefMt  10  ehongo  without  noftoa.  No  patent  rigltfa  art  gram ad  to  any  ot  tts«  circuit*  daacribod  loftto, 


Flgur*  1:  Equivalent  circuit 


Flour*  2 :  Sinter  geometry 
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PCD  UNEAR  IMAGE  SENSORS  S2300  SERIES 


MAXIMUM  RATINGS _ 

Supply  Vollaqe _ 10V 

Operating  Temperature _ _-30  to+85*C 

Storage  Temperature _ -40to  H25*C 


ELECTRICAL  CHARACTERISTICS  (at  25*) 


Symbols 

■MS 

ehetjEuS 

tSBrnnSESB 

Unite 

Supply  Voltage 

'  Vcc 

3  5  7 

3  5  7 

3  5  7 

V 

Driving  Phase 

3 

3 

3 

phasa 

Shift  Pulse  Voltage* 1 

Vsh  <H) 

M.— 

4.0  5  5.5 

V 

Vsh  (U 

0.8 

0.8 

0.8 

V 

Start  Pulse  Voltage 

VstH) 

Vcc 

Vcc 

Vcc 

V 

Vs  W 

0.8 

0.8 

0.8 

V 

Operating  Frequency 

I 

DC  2 

DC  2 

DC  2 

MHz 

Photodiode  Capacitance 

Cp 

8 

a 

a 

pF 

Video  Line  Capacitance 

Cv 

25 

40 

50 

pF 

Power  Consumption*' 

P 

30 

30 

30 

mW 

Photodiode  Dark  Current*' 

Id 

4  10 

4  10 

4  10 

pA 

•1:  At  Vco»5V 


OPTICAL  CHARACTERISTICS _ 

Spectral  Response  (20%  ol  peak) _ 200  lo  1000  nm 

Wavelength  ol  Peak  Response _ 600  nm 

Saturation  Expoaure  Esat  * 1 _ SOmluxsec. 

Saturation  Charge  Qsat _ 37  pC 

SenelllvIlyUnllormlly*1 _ within +  5% 

V.At  Vco«5V 

'2: 50%  ol  ealurallon,  excluding  tlrst  element 


Figure  3:  Typleel  spectral  response 


Figure  4;  Output 


iui 


Figure  S:  Dark  output  clterge  vs.  storage  lime 
temperature  dependency 


HAMAMATSU 


DIMENSIONAL  OUTLINES  AND  PIN  CONNECTIONS  (Dimensions  In  millimeters) 

S2300-253Q  S2300-S12Q 

StKSIIVf  SENSTIVt  »«* 


92300-10240 


'Flbar  opilc  window  available. 
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PCD  LINEAR  IMAGE  SENSOR  S2300  SERIES 


DRIVING  AND  AMPLIFIER  CIRCUIT 

The  clock  pulse  timing  and  circuit  parameter  requlrments 
tor  driving  the  S2300  series  PCD  image  sensor  are 
shown  In  Flg.6  end  Flg.7.  To  operate  the  PCD  shift 
register  require*  a  start  pulse  to  Initiate  the  scan  and 
three  phase  clock  to  drive  sequentially.  The  polarity  of 
the  start  puls*  hss  to  be  negative  and  the  clock  pulses 
must  bs  positive.  These  pulses  are  TTL  compatible.  The 
start  pulse  needs  at  least  500  ns  duration  time  and  a 
minimum  ol  200  ns  overlap  with  the  clock  pulse  *  i  to 
start  the  scan.  It  is  not  always  necessary  to  overlap 
clock  pulses  each  other,  but  It  a  gap  ol  more  than  100  ns 
Is  presented,  scanning  will  disable. 

An  open  collector  type  TTL  is  used  to  drive  the  PCD 
shllt  register.  The  voltage  level  ol  the  start  and  shill 


Figure  #:  Timing  diagram  (3-phttt  drive) 


pulse  are  determined  by  Vs  and  Vsh  respectively.  To 
provide  stable  operation  ol  the  shift  register,  It  Is 
necessary  to  select  an  optimized  injection  current  con¬ 
trolled  by  resistances  Rt  and  Rj.  Typical  values  of  these 
driving  parameters  are  shown  In  Flg.7  and  the  electrical 
characteristics  table. 

To  delect  low  light  levels  with  good  linearity,  video 
current  integration  with  a  charge-amplifier  Is  recom- 
mendable.  Flg.7  shows  this  type  ol  signal  extraction 
with  this  circuit,  the  charge-amplifier  is  reset  to  ground 
prior  to  address  each  photodiode  multiplex  switch. 
When  the  switch  Is  closed,  signal  charge  Mows  Into 
capacitors  in  the  Integration  circuit.  The  output  wave 
form  is  a  box  car  shape. 


Figure  7:  Driving  and  amplifier  circuit 


V(r 


Vcc.  Vsh  lud  Vs  aia  opaiatabta  with  the  same  supply  voltage. 
Typical  values  ol  the  parameters 
CS:  2  nF.  Rt:  5  8  kO.  RT:  470  O 


RELATED  DEVICES 

•S2301,  S2304  Series  PCD  Linear  Image  Sensor* 

Hamamatsu  provides  other  sensor  geometries  tor  the  PCD  linear  Image  sensors.  The  S2301  series  has 
photodiodes  of  50  pm  *  2.5  mm  and  the  S2304  series  has  those  ol  25  pm  x  2.5  mm.  Types  wMh  128  fo  1024 
photodiodes  ere  available. 

•OrlverfAmpIKter  Circuit*  for  PCD  Linear  Image  Sensors 

Drlver/amplliler  circuits  lot  PCD  Image  sensors  are  available.  These  circuits  need  only  a  start  pulse,  master 
clock  pulse,  +  5V  and  +  15V  power  supply  lo  drive  Ihe  PCD  Image  sensor.  The  video  outpul  Is  a  voltage  output 
processed  by  *  charge-amplifier.  Pulse  generator  for  theae  drlver/ampllller  circuits  and  data  processing  unit 
for  A/D  conversion  are  also  available. 


HAMAMATSU 

HAMAMATSU  PHOTONICS  K  K„  Sotkl  SIMA  OMitton 

1 1ll,  Ichlno-cho,  Hamamatsu  City.  433  Japan.  Tataphone:  0834134 3311.  Fa«:  053405-  tosr,  lulc»:  4228-18* 

U.S.A.:  Hamamatau  Cot  potation:  380  Foothill  Road.  P.O.  Bov  8810.  BfMgawalat.  NJ  088070010.  Tataphona:  201  2310*80,  Far.  201  231-183* 
W.O^manr.  Hamamatsu  Phot  Ohio  Dautachtand  OmbM:  AKbstgaiait.  10.  0  *03*  Hatiichthg  am  Ammonoo,  Tataphona:  0*1323780.  Fa«:  08182-2888 
Aranct;  Hamamatau  Fhotonloa  Ftanoa:  4*181  Rua  da  la  Vanno,  *2t20  Menltouga.  Tataphona:  (t)  48  884  788,  Far  |l)  48  88  3*  88 


JUU87 

T-2000  Pflnlad  In  Japan 
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APPENDIX  C 


HAMMAMATSU  DRIVER  AMPLIFIER  TECHNICAL  DATA 


OPERATING  INSTRUCTIONS  FOR  EVALUATION  BOARD 


HAMAMATSU  PHOTONICS  K.K. 
SOLID  STATE  DIV. 

SD29-8907 17-005 1201. 
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OPERATING  INSTRUCTIONS  FOR  EVACUATION  HOARD 

GENERAL 


This  is  low  noise  driver/amplifier  circuit  for  Hamamatsu  PCD  Image  Sensors 
(S2300-512Q.-512F). 

The  PCD  image  sensor  is  a  monolithic  self-scanning  photodiode  array.  ltB  scanning 
circuit  is  constructed  hy  1’lnsmn-Coupled  l)evico(PCD). 

This  driver/nmptifier  circuit  provides  a  scanning  pulse  "Start"  and  a  three  phase 
clock  "  #  1,  ft  2,  0  3"  to  drive  the  PCD  image  sensor,  and  includes  a  chnrge-mnplif ier  to 
output  the  video  signal  “Video  Dalit"  in  the  charge  integration  mode. 

FEATURES 

•  Simple  operation;  a  start  pulse,  n  master  clock  pulse,  +5V  and  ±  15V  required. 

•  Low  noise  configuration. 

•  Structure  allows  for  easy  cooling  and  optical  alignment. 

SPECIFICATIONS 

INPUTS  ;  Supply  voltage:  +  5  Vdc  at  150mA 

+  15  Vdc  at  25mA 
-15  Vdc  at  25mA 

Start:  TTL  pulse,  positive  level  sensitive.  Minimum  duration  500  nsec. 

Used  to  initialize  the  circuit  and  initiate  the  shift  register  in  the 
PCD  image  sensor. 

CLIP.  TTL  pulse,  rising  edge  sensitive.  Maximum  frequency  250  KHz. 

Used  to  syncronize  the  circuit  and  the  shift  register  in  the  PCD 
image  sensor. 

OUTPUTS  ',  Trigger:  1.S-TTL  compatible,  positive  pulse* 

Available  ns  a  start  signal  for  S/H  and  A/D  conversion  (optional). 

H-I50S:  HS-CMOS  compatible,  negative  pulse. 

Available  immediatly  after  scanning  at  the  last  pixel  is  completed. 
Can  be  used  ns  end  of  A/I)  nquisition. 

Video  Monitor:  Negative  voltage  output. 

This  output  is  the  integrated  PCD  video  current  signal. 

Video  Data:  Positive  voltage  output. 

It  is  the  processed  signni  of  the  "Video  Monitor". 
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SETUP  PROCEDURE 


Setup  for  the  evaluation  system  is  shown  in  figure  1. 

1)  Power  supply  connection 

Power,  as  specified  under  specifications,  must  be  supplied  to  the  driver/amplifier 
citcuit  inputs. 

2)  Pulse  generator  connection 

The  "Start"  pulse  and  the  "CL.K"  pulse,  as  specified  under  specifications,  must  be 
supplied  to  the  tlriver/nmplifier  circuit  inputs.  (C2335  "llumnmatsu  Pulse  (ienora- 
tor"  available  and  can  be  connected  to  the  two  timing  inputs  respectively.) 

The  integration  time  is  preset  by  the  "Start"  pulse  interval  while  the  readout  time 
of  each  pixel  is  preset  by  a  "Chit"  frequency. 

3)  Oscilloscope  connection 

The  "Start"  pulse  input  (from  C2325  or  other  clock)  Is  connected  both  to  the  C2325 
board  and  to  the  EXT.  TRIG,  input  of  the  oscilloscope. 

The  "Video  Data"  signal  output  is  Lhe  connected  to  the  input  of  the  oscilloscope, 

4)  S/H  and  A/D  converter  connection  (optional) 

The  "Trigger"  pulse  output  can  be  used  as  the  logic  input  of  S/ll  and  A/D 
converter.  The  "Video  Data"  signal  output  is  then  connected  to  the  analog  input  of 
the  S/1I. 
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ALIGNMENT  PROCEDURE 


The  drtver/umplifier  circuit  assembly  is  shown  in  Figure  2. 

REMARK:  Use  an  oscilloscope  to  monitor  the  "Video  Monitor"  or  the  "Video  Data"  signal 
output  without  any  light  being  illuminated  on  the  photodiode  array. 

1)  Zero  level  adjustment  1: 

Adjust  VR2(100KQ  )  until  the  reset  level  comes  to  oscilloscope  ground  level. 


-  Reset  period 


GNI)  Level 


Ix'.fore  adjustment 


GND  Level 


lifter  adjustment 


2)  Fluctuation  (caused  by  Power  supply)  cancellation  adjustment: 

Adjust  VR3(1KQ )  until  the  fluctuation  of  the  "Vedeo  Data"  signal  is  minimized. 


Readout  period 


tic  Core  adjustment 


GND  Level 


after  adjustment 


GND  Loved 


110 


3)  Switching  noise  cancellation  adjustment: 

Adjust  VR1(10I<  Q  )  until  the  amplitude  of  the  spike  noise  is  minimized. 


4)  Zero  level  adjustment  2: 

Adjust  VR4(10K  Q  )  until  the  clampling  level  comes  to  oscilloscope  ground  level. 


Ill 


REMARKS 


If  the  evaluation  system  is  not  opernted,  regularly  check  the  following  iteme: 

1)  Are  the  "Start"  pulse  and  the  "CLK”  pulse  supplied  to  the  driver/amplifier  circuit 
inputs  as  prescribed  under  specifications  ? 

2)  Is  the  scanning  pulse  "RTnrt"  supplied  to  the  PCD  image  sensor  ? 

3)  Is  the  high  level  of  the  three  phase  clock  (  4>  l,  ji  2,  <f>  3)  according  to  "Figure  3 
Timing  Diagram"  ? 

4)  Is  lh<>  "litiS"  pulse  obtained  from  the  pin  of  the  PCI)  image  sensor  ? 


112 


113 


Figure  1  Setup  for  Evaluation  System 
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Figure  4  Circuit  Configuration 


Appendix  1 

Pin  configurations  and  package  outlines  of  PCD  Image  Sensor  are  shown  in  Figure  A— 1 


S2300-5120 


SttSiTIVE  A*EA 

- m - 

iMto i  .  into s 


S2300-S12P 


mmma 


I * f ? 


SCWITMt  tm 


I  S  I 


ill'iiitiiiiltliliiij).'ii('-!»^ 


SeySsvyySlfiyji 


\WEBSm 

Functions 

Vo 

Video  Oulpul 

Two  Vo  are  connected  Inside  the 
element. 

Vcc 

Power  Supply  Voltage 

ss 

Ground  <0V) 

Start  Pulse  Input  (171  compatible) 

t 

Clock  Pulse  Input  (TTL  compatible) 

EOS 

End  ol  Scan 

Negallve  C  MOS  compatible. 
Oblatneble  at  Ihe  clock  liming  |usl 
alter  the  lest  element  Is  scanned. 

NC 

No  Connection 

This  should  be  grounded. 

Parceners 


Kueber  of  photodiodes 


Pitch  (ua) 


Aperture  («■) 


Nuabcr  of  pins 


Vindov  ealeria) 


Set  weight 


S2300-512Q 


512 


50 


50  X  5000 


Fiber  optic  plate 


13. Og 


Circuit  Configuration  of  Pulse  Generator 
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IMAGE  INTENSIFIER  TECHNICAL  DATA 


Image  Inlenslllers 


F>iiIuici; 

•  Lightweight 

•  Short  Length 

•  rtuggedlred  Conelruellon 

•  Uniform  Brlghtne.i 

•  Zero  Dfitoldon 

•  High  Gain 

•  Fnll  ftcpome 

•  Qalonblt 

•  Non-Blooming 

•  Photon  Counting 


I  t  r  l)P*  Nimibei 

Fo.ni.l 

I'd  144 

Miiimi 

Id  145 

J5....I. 

F4I50 

dUmm 

F4I44 
F4145 
F4 150 


Proximity  FocusecJ  Channel  Intenslflcr  l  ubes 


S|xctnt  RnpoiiM 
.Nole  II 


S-JO 
S-20 
SI  0 


I  h) 

None::  .'.n  r:::*<;.~i  license  is  hequimeu 
ron  si in’i.:(.i» i  cit-  rinsnujuuci  uuisiue 

OF.  .11  IE  USA. 
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ELECTRO-OPTICAL  PRODUCTS  DIVISION 


1 1  If  I  I 


118 


F4144,  F4I45,  F4150 


NOTE  I  Ollier  ptiolocalliodea  tvallahlr  uit  i|trriil  order,  Inrhiilr  ilie  S'l.  lo 
pruilde  detection  mill  conversion  of  1.0/i/rilcnals,  and  ('ll  i.  Csl  cathodes  lor 
s|x-c(al  U V  applications. 

NOTE  1  Fiber  U|i(lti,  quarti,  M(l;l,  or  oilier  materials  nailable  un  spetlil 
order. 

NOTE  3  Other  plimplmra  nailable  imi  «|>rrlal  onler. 

NO  I  K  4  Toiler  Supplies  can  lie  an  lnlr(ral  pail  ol  elec  lube  assembly,  Calrahlt 
mill  DC  |ioii<r  supplies  arc  atallalile  as  aepaiafe  uiiln. 

NOTE  $  Defined  as  Ilia  ratio  of  Ilie  lulal  liuiiluuiis  Hus  I  tom  Hi*  phosphor 
seieen  In  Hie  lolal  liiiiilnniii  flux  liiclilenl  on  (hr  pluilorallttitlr  from  a  slamiaiil 
1,1. IT*  K  liiii(ilen  lamp,  and  nirasiueil  uilli  a  photometer  ai  II  l./|t  r  ullli  an 
Inpul  level  ul  I X I0~*  ((•<  Intlilenl  ail  (he  plioltiealliode.  Die  ITT  ptoxliniljr 
focused  cliannrl  Iniemlder  tub  *  proiides  a  lailalile  lobt  ( a  In  by  latjlm  Ilie 
ndcrocliaiinel  plale  lullaye. 

NOTE  6  There  Is  mi  depadallun  of  rrsoliillou  from  center -lo-eilfe  of  seieen. 
Krsnliillon  Is  nieasuml  nllh  3  X  NT1  fouleaiollre  on  Hie  plintnr allimlc  lo 
determine llnilllng, or  5  per  cent  AIIFIeveli  wilha  100 |>c» e*e»t (Oisli asl lai J*l. 
NOTE  7  For  coullmiinii  operailnit:  Kill  s alter  may  be  uteral  orders  of 
maynilmle  hl(lirr  fur  pulsed  operation. 

NOTE  I  Maximum  output  bli|litnns  Ilia!  can  be  achleird  ham  Him*  hr  Ires 
will  ran  ye  (rum  1-1  Kootlmiilirrts  under  U.C.  operallnf  coiuliliom. 


SPECTRAL  OUTPUT 
P-20  PMOSPHOn 


wavelength  —  it  me rens 


TYPICAL  SATURATION  CURVE 
OP  PROXIMITY  POCUSEO 
MICROCHANNEL  WAFER  TUBE 


TYPICAL  CIAIN  CHARACTERISTICS 
Or  PROXIMITY  FOCUSED 
MICROCHANNEL  WAFEH  TUDE 
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Ul 
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119 


F4144,  F4145,  F41U0 


TTPICAl.  ABSOLUTE 

SPECIRAL  IICSPOHSE  CHARACTERISTICS 


Ulnirniloiiil  Dal* 

Itniin  F4(44 

25mm  F4I45 

40mm  1-4150 

Drill* 

A  Mailfnum  dlanttltr 

41 

51 

71 

HIM 

(nllli  pailllnf) 

1  lin{lh  (nominal) 

21 

21 

24 

mm 

C  llioliKallMidt  ApolUft 

ii 

2) 

40 

mm 

11  tlwalilr  Srrrtn  A|KMurc 

ii 

21 

40 

mm 

I'ullnl 

to 

101 

215 

fTAHU 

nEVo/00 


ELECTRO-OPTICAL  PRODUCTS  division 
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4.1  MAXIMUM  OPERATING  VOLTAGES  *» 

Cathode  to  MCI’  input _ ]00_  volts 

MCP  input  to  MCP  output  l7u0  volts 
MCP  output  to  Phosphor.  volts 

**  voltages  for  40  Ke-  gain 

4.2  Use  with  power  supply 
Model  f  200057  S/N  0110 

Power  supply  set  so  that  when  Vcontrol  •  10.0  V, 
Vmcp  -  1700  V.  The  product  of  the  photocathode 
current  and  the  MCP  gai.i  must  not  exceed 
0.1  uA/ctn  . 
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PROXIMITY  fOCUSEO  CHANNEL  INTENS1FIER  TUBE 


Tube  S/N  XXII  0966 
MCP  Conductivity 
Photocathode  Sensitivity 
Photocathode  Type/Window 
Photocathode  Voltage 


Tube  Type 
3.3  x  10'G 
fl/A 
CsTe,  Q 
100 


MM5  Date 

amps  9 _ IK  volts 

ua/L  9 _ Lumens 

Phosphor  Type  P-?0 
Phosphor  Voltage  _ 


GAIN  CHARACTERISTICS  9  UV  Input 
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APPENDIX  E 


AYDIN  VECTOR  TRANSMITTER  TECHNICAL  DATA 


tOt 

T-1 00-TV  Series 

AYDIN  / YV  VECTOR 

UHF  Video  Transmitters 

•  Available  In  2,  5  and  8  Watts  Minimum  Power 

•  Video  Response 

•  Wideband  Deviation 

•  Internal  Power  Line  Regulator 

•  Internal  Output  Isolator 

•  Meets  IRIG  106-00  Standards 

The  Vector  T- 1 00-TV  Series  are  solid-stale,  crystal  stabilized, 
true  PM  telemetry  transmitters  capable  of  transmitting 
analog  or  digital  multiplex  signals.  These  transmitters  are 
designed  for  extremely  reliable  operation  when  subjected 
to  the  severe  environmental  flight  conditions  of  missiles, 
space  vehicles  and  aircraft. 

The  Internet  modules  (modulator,  series  regulator,  power 
amplifier,  multipliers  and  inters)  are  housed  in  separate 
machined  enclosures  to  maximize  RF  isolation.  Com¬ 
ponents  are  derated  from  the  manufacturers  rated  values 
and  all  semiconductors  undergo  100  Hra.  burn-in  at 
100’C,  to  insure  reliable  operation  while  meeting  the 
specified  output  power  requirements  undor  worst  cose 
conditions. 


ELECTRICAL  SPECIFICATIONS 


Output 

Frequency  Range: 


Frequency  Stability: 
Power  Output: 

T- 102-TV 
T- 105- TV 
T- 108-TV 

Antenna  Compatibility 
Output  Impedance: 
VSWR  (load) 
Open/Short  Protection: 
Harmonic/Spurious 
Response: 

Modulation 

Type: 

Sense: 

input  Impedance: 
Frequency  Response: 


Oevlation: 

Deviation  Linearity: 

Modulation  Distortion: 

Incidental  FM: 
Incidental  AM: 
Modulation  Return: 


1710  to  1850  MHz 
1435-1540  MHz 
( S  band  optional) 
±0.003% 

2  watts  min. 

5  watts  min. 

8  watts  min. 


50  ohms 
1.5:1 

Yes,  Internal  Isolator 
IRIG  108-80 


True  FM 
Positive 
75  ohms 

10  Hz  to  6  MHz  ±1.5  d8 
(to  10  MHz  optional) 
Optional  pre-emphasla  In 
accordance  with  CCIR-405) 
±8  MHz/V  rms  (Increased 
sensitivity  optional) 

2.0%  max  BSL  lor  ±8  MHz 
deviation 

2.0%  max  (or  ±8  MHz 
deviation 
±10  kHz 
2%  max 

Modulation  return  common 

to  case 


Power 

Voltage: 

Current: 

20  ±4  Vdc 

T-1 02-TV 

1.0  A  max 

T-1 05-TV 

2.0  A  max 

T-1 08-TV 

2.5  A  max 

Reverse  Polarity  Protection: 

Yes 

Power  Return: 

Power  return  common  to 

case 

ENVIRONMENTAL  SPECIFICATION 

All  performance  specifications  will  be  met  under  the 
following  conditions. 

Temperature: 

T-1 02-TV 

-25’C  to  +85'C  baseplate 

T-1 05-TV 

-25’C  to  +80"C  baseplate 

T-1 08-TV 

Vibration: 

-25"C  to  +70"C  baseplate 
extended  range  optional 

Sine 

20g,  20  to  2,000  Hz,  3  axis 

Shock: 

50g  lor  1 1  msec  Vi  sine, 

3  axis 

Acceleration: 

1  OOg,  3  axis 

Altitude: 

Unlimited 

Humidity: 

90%  RH 

EMI: 

Complies  with  IRIG  108-80 

MECHANICAL  SPECIFICATIONS 

Dimensions: 

See  Dwg. 

Weight: 

1 8  ounces/0.45  kg  max 

Volume: 

Connectors: 

1 1.5  Cu.  Inches/ 188548.0 
Cu.  mm  less  connoctors 

Power 

Bendix  PT1H-8-4P  mates 
with  Bendix  PT06A-8-4S 

MOO  Input 

SMA  .250-38  UNS-2B 
males  with  SMA  male 

RF  Output 

TNC  7/16  •  TUD  males 
with  TNC  Mole 
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Pin  Connections: 


OPTIONS 
Frequency  Range: 

Frequency  Response: 
Pre-emphasis: 
Deviation  Sensitivity: 
Modulation  Type: 
Extended  Temp: 


A)  +28  Vdc 
0i  N/C 

C)  Power  RTN 

D)  Chassis  Gnd 


S  and  L-band.  specify  center 

frequency 

tO  Hz  to  10  MHz. 

In  accordance  with  CCIR-405 
Higher  sensitivity  available 
TTL  compatibility 
-40"C  to  +85'C 


QUALITY  CONTROL  AND  PRODUCT 
ASSURANCE 

The  Vector  T- 100- TV  Series  transmitter  is  manufactured 
under  strict  Quality  Control  procedures  in  accordance 
with  the  requirements  of  MIL-Q-9859A.  Additionally,  all 
semiconductors  and  integrated  circuits  are  used  in  the 
T- 100-TV  are  subjected  to  intensive  component  pre¬ 
conditioning  procedures.  Each  assembled  unit  is  fully 
.  tested  to  a  comprehensive  Acceptance  Test  procedure 
.vhich  Includes  full  performance  testing  at  the  thermal 
extremes. 

Vector  has  participated  in  numerous  “hi-rel”  aerospace 
'programs  which  have  required  exhaustive  component 
screening,  preconditioning  and  selection  procedures. 
These  “hi-rel”  procedures  or  specific  customer  generated 
requirements  can  be  Invoked  in  the  manufacture  of  the  T- 
1 00-TV  series  transmitters  if  necessary. 


ORDERING  INFORMATION 

When  ordering  specify  series  number  and  exact  operating 
frequency  in  megahertz.  For  special  applications  or 
additional  Information,  contact  Aydin  Vector  or  the  nearest 
sales  representative. 


Outline  Drawing 
T-100TV 

MOUNTING  HOLC 


Bulletin  271 25/Rev.  1/5/85/2 M/Printed  in  USA 


^  AYDIN  VECTOR  DIVISION 

Newtown industrial  commons  •  pobo»  32a.  newtown,  pa  1  saxo-oszs  •  (?is>»ae-427i  •  twx:  sio  ear-zszo  •  fax: (2tsi»ae-3*n 
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APPENDIX  F 


POWER  SUPPLY  TECHNICAL  DATA 


IIR51 


RESEARCH  SUPPORT  INSTRUMENTS.  INC. 

p®  m  mcMK6W'jr)ST- 


Item  No.  0001 AK 


LOW  VOLTAGE  POWER  SUPPLY 


RSI  MODEL  428-211 


The  RSI  Model  428-211  la  a  low  voltage  power  supply  which 
operate*  from  a  nominal  *28VDC  input.  The  output  of  the  unit  ia 
♦5V  and  provides  up  to  1000mA.  A  current  limited  output  monitor 
ia  provided  in  parallel  with  the  output  voltage. 

The  input  ia  aeries  diode  protected  against  inadvertent 
reversal  of  the  input  power  linea .  Heat  sinking  of  the  case  is 
recommended  for  full  power  operation. 

SPEC  IF! SATINS. 

Input  Voltage . 

Input  Current . 

Output  Voltage . 

Output  Ripple . 

Output  Spikes . 

Efficiency . 

Converter  Frequency.. 

Operating  Temperature 
Storage  Temperature.. 

Line  Regulation . 

HE&HMISALl 

Dimensions 
Height .... 

Mounting . . 

Connector . 

OPTIONS; 

Voltages  other  than  *5V  upon  request. 

Potting  or  conformal  coating  upon  request. 


. 1.0  in . X  3.0  in . X  3.S  in. 

. 300  grams 

. Four  (4)  air#  six  clearance 

holes 

. Cannon  0AM  15P 


* 24VDC  to  ♦ 34  VDC 
.70mA  (no  load) 

500mA  (1000mA  load) 
. ♦ 5V  (♦-SX) 

.<  50mV 
.<  7SmV 

•>30X  at  full  load 
. Nomihal  10KH* 

.-20  C  to  *70  C 
.-40  C  to  *85  C 
.  . 02%/ V  (no  load) 
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Re* 


I-,  Support  Ir.str'urner.ts 


Tes  t  e  P C' r~  t 


L_«=.w  U/  <z.  -L  t  <=h  g  er  Power-  S  «-«  p>  p>  1  V' 


Model  Number  _ 426 ~2.1  i. 


Serial  Number 


Voltage  I  rout 


Input 
Voltage 
(  V  ) 


Input 
Current 
<  rnfl  ) 


Output 
Voltage 
<  V  > 


Output  Monitor 
Current  Output 
(  m  A  >  <  V  ) 


Output 
Ripple 
<  mV  ) 


28 

38 

5.  24 

23 

74 

5.  23 

28 

1  03 

5.  21 

23 

1  47 

5.  20 

23 

137 

5.  13 

23 

224 

5.  17 

23 

259 

5.  18 

23 

297 

S.  14 

23 

337 

5.  12 

23 

330 

5.  1 1 

23 

420 

5.  09 

0 

5.  24 

20 

100 

5.23 

20 

200 

5.  21 

25 

300 

5.  20 

20 

400 

5.  18 

25 

500 

5.  1 7 

25 

600 

5.  16 

30 

700 

5.  14 

25 

300 

5.  12 

25 

900 

5.  1 1 

30 

1 000 

5.  09 

30 

Notes i 

1  Unit  should  be  well  heatsunk. 

2  Unit  loses  regulation  at  24.2  V  inout. 


Signature  CP ^ 

Date  _  'S3 - - 


Diski wptest  Fi  le:wp  13*2503,  r*rtia 
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RESEARCH  SUPPORT  INSTRUMENTS,  INC. 

10610  BEAVER  OAM  ROAD,  COCKE YSVILLE.  MARYLAND  21030 


PHONE  301-785-6250  FAX  301-785-1228 


Item  No.  0001 AL 


DUAL  TRACKING  LOW  VOLTAGE  POWER  SUPPLY 
RSI  MODEL  441-133 


The  RSI  Model  441-193  ia  a  dual  tracking  low  voltage  power 
aupply  which  operates  from  a  nominal  *28VDC  input.  The  outputs 
of  the  unit  are  complementary  (*1SV  and  -1SV)  voltages,  each 
capable  of  providing  400mA,  which  track  each  other  under  various 
loads.  A  current  limited  output  monitor  is  provided  in  parallel 
with  the  output  voltage. 

The  input  is  series  diode  protected  agal.nst  inadvertent 
reversal  of  the  input  power  lines.  Voltages  other  than  1SV  can 
be  supplied  upon  request.  Heat  sinking  of  the  case  is 
recommended  for  full  power  operation. 


Input  Voltage 
Input  Current 


Output  Voltage 


Output  Ripple . 

Output  Spikes . 

Efficiency . 

Converter  Frequency.. 
Operating  Temperature 
Storage  Temperature.. 

Line  Regulation . 

Load  Regulation . 


♦24VDC  to  ♦ 34VDC 
70mA  (no  load) 

840mA  (400mA  load) 
♦15VDC  9  400mA 
-15VDC  9  400mA 
Less  than  25mV 
Leas  than  ISOmV 
60X  at  full  load 
Nominal  10.5KHz 
-20  C  to  *70  C 
-40  C  to  *85  C 
0 . 02%/ V  (no  load) 
0.01X/V  (400mA  load) 


Dimensions . 1.0  in  .  X  3.0  in.X  3.5  in. 

Weight . 212  grams 

Mounting. . Four  (4)  size  six  clearance  holes 

Connector . Cannon  DAM-15P 


Voltages  other  than  15V  upon  request. 
Potting  or  conformal  coating  upon  request. 
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R«ses>r'Cl-t  Suppov—t  I  r.*t»~urn®rit  * 


Teat  Report 


I _ o  w  Vo  1  t  age  Powet~  S  u  p  p  1  V 


Model  Number  441-1 93 
Serial  Number  1P2506 


Voltage  Input  2fl. 0  V 


Input 

Current 


Output 

Voltage 


Out  put 
Current 


Monitor 
Out  put 


Output 

Ripple 


mfl  ) 

<  V 

) 

<  mfl 

) 

<  V 

) 

<  mV 

) 

- 

— 

+ 

— 

4- 

“ 

47.  7 

15.  O 

15.  0 

0 

0 

15.  0 

15.  0 

io 

IO 

290 

15.  0 

13.  1 

0 

300 

15.0 

14.  9 

10 

10 

290 

13.0 

15.0 

300 

0 

14.  9 

15.0 

10 

10 

536 

13.  1 

13.  1 

300 

300 

15.  0 

14.  9 

10 

10 

716 

14.9 

14.9 

400 

400 

14.  9 

14.  9 

10 

IO 

Notes i 

1  Unit  should  be  well  heat sunk. 

2  Unit  loses  regulation  at  25. O  V  input. 


Signature 

Date 


-li/oa/aa 


Diskswptest  Fi le:wpl22506 
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Model : 


200057 


0-10v 


¥  - 

.'Imcp  voltage*  control 


anode 


o  Grounded  Anode  Gen  II  outputs 

o  Adjustable  cathode,  mep-in,  mep-out,  and  ABC  level 
o  Ext  MCP  voltage  control 

o  Ext  resistor  select  -  ABC  max  limit,  for  desired  tube  dia 


cathode  voltage 


mep-in  voltage 


mep-out  voltage 


anode  output. 

temperature 

mechanical 


190079 


min  adjustable  range  100  to  240  vdc 

cathode  series  resistance  1  Gohm 


voltage  controllable 
max  load  current 


to  2k v  max  vdc 
20  uA 


adjustable  3000  to  6500  vdc 

brightness  current  limit  .05  to  5  uA 


ground  return  potential 
operational 


-  55  to  +  70  C 


GBS 


4-40  inserts  bottom  surface  corners 


Grounded  Anode  Gen  II 


200057 


PS  200057  Test  Data  Sheet 


1.  Cathode  voltage  0  no  load 
Cathode  voltage  0  1M 

2.  Mcp-in  voltage  8  300M  8  Cv=10v 

8v 

6v 

4v 

2v 

3.  Mcp-out  voltage  8  no  load 

8  1  uA  load 

A.  Rabc  set  value 

ABC  adj  pot  set  for  I-limit  of 

5.  Input  current  0  +5vdc  0  ss 

6.  Burn-in 

7.  Mechanical  and  visual 


_ JLZP_Q_ 

_ LMSL. 

_ J.LO.Q _ 

_ Z'ig  _ 

_ jL2£- 


-  VDC 

-  VDC 

-  VDC 

-  VDC 

-  VDC 

-  VDC 

-  VDC 

-  VDC 

-  VDC 
megohm 

uA 

mADC 

hrs 

check 


90126 


PS 

200057  Test  Data  Sheet 

“  A 

**“  N/A 

mi 

\mm 

GBS 
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Operation  arid  Instructions 
PS  200057  grounded  anode  standard  GEN  II 


1.0  General 

The  model  200057  power  supply  is  a  small  DC  to  DC  converter  which 
converts  +5  vdc  to  multiple  HV  dc  outputs  for  use  by  a  Gen  II  image 
intensifier  tube.  The  outputs  are  line  regulated,  and  each  is 
independently  adjustable.  The  power  supply  circuitry  is  fully 
potted  in  an  RTV  encapsulant  due  to  the  high  internal  voltages 
generated,  and  due  to  the  small  size  of  the  power  supply. 

Manufacturer  :  GBS  Micro  Power  Supply 
6155  Calle  Del  Conejo 
San  Jose,  California  95120 
40S-997-6720 


2.0  Power  Supply  Inputs 


The  following  inputs  are  available  and  marked  on  the  power  supply. 

1.  Input  voltage  terminal  +5  +-.5  vdc 

2.  Input  voltage  return  terminal  (gnd) 

3.  Voltage  control  terminal  0  to  +10  vdc 

4.  Cathode  output  adj  pot 

5.  MCP-IN  output  adj  pot 

6.  MCP-OUT  output  adj  pot 

7.  ABC  limit  fine  adjust  pot 

8.  Rsel  resistor  for  gross  ABC  limit,  adj 

3.0  Output  Connections 

There  are  4  output  leads  for  connection  to  the  image  intensifier. 


1.  Cathode  output 

2.  MCP-IN  output 

3.  MCP-OUT  output 

4.  Screen  output 

4.0  Voltage  Control 


typically  -175  vdc  with  respect  to 
the  MCP-IN  output  lead 
typically  -1500  vdc  with  respect  to 
the  MCP-OUT  output  lead 
typically  -6000  vdc  with  respect  to 
the  screen  output  lead 
Gnd,  and  tied  to  the  +5  return 
internally  in  the  power  supply. 


The  MCP  voltage  applied  to  the  intensifier,  is  provided  by  the 
MCP-IN  and  MCP-OUT  outputs,  which  is  termed  the  MOP  voltage. 

This  voltage  can  be  remotely  varied  from  approximately  -400  vdc, 

(  the  oscillator  drop  out  level  ),  to  -2000  vdc,  by  varying  the 
voltage  applied  to  the  voltage  control  terminal  from  O  to  +10  vdc. 
The  +10  vdc  results  in  -2000  vdc  MCP  voltage.  An  open  at  the 
voltage  control  terminal  results  in  a  O  vdc  MCP  voltage. 


90123 


GBS 

NAMt  PS  200057  Operation  &  instructions 

OWQ 

HUM 

200122 

Wl  - 

A 

mm 

0**1  4-19-80 

N/A 

mm 

**  1  °"  3 

FORM  f  11001 
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The  -2000  vdc  MCP  voltage  when  the  control  voltage  Is  at  +10  vdc , 
can  be  lowered  to  near  -400  vdc  by  adjusting  the  MCP-IN  adjust 
pot  counter  clockwise.  CW  increases  MCP  voltage  toward  -2000. 

CCW  reduces  MCP  voltage  toward  0  vdc. 

5.0  Cathode  Output 

The  cathode  output  is  adjustable  via  a  trim  pot.  CW  increases 
the  output  to  -250  vdc.  CCW  reduces  the  output  to  -100  vdc. 

A  cathode  current  limiting  resistor  (  1  Gigohm  )  is  internal  in 
the  power  supply,  and  will  drop  the  cathode  voltage  as  excess 
tube  cathode  current  is  developed  in  high  illumination  conditions. 

When  the  cathode  current,  under  these  high  current  conditions, 
falls  to  approximately  -3  vdc  with  respect  to  the  MCP  voltage, 
a  diode  in  the  power  supply,  shunts  the  1  Gigohm  limit  resistor, 
with  a  22  Megohm  resistor,  thereby  extending  the  cathode  current 
availabe,  before  eventual  tube  cutoff. 

The  cathode  output  is  typically  -175  vdc  with  respect  to  the 
MCP-IN  output,  but  it  is  stacked  on  the  other  power  supply  outputs, 
so  that  with  respect  to  ground,  the  potential  on  the  cathode  lead  1 
is  approximately  -3000  vdc.  This  high  voltage  is  usually  a  source 
of  trouble  when  operating  the  power  supply,  as  leakage  to  gnd  may 
often  readily  develop.  This  leakage  will  be  treated  by  the  power 
supply  as  ABC  current,  which  is  an  instruction  to  the  power  supply 
to  lower,  or  shut  off  the  MCP-IN  voltage.  Caution  is  recommended 
in  the  testing  of  the  power  supply,  arid  in  the  tube  connections. 

6.0  MCP-out  Voltage 

The  MCP-out  is  the  votage  provided  for  the  intensifier  screen, 
and  is  -6000  vdc  typically.  This  output,  is  connected  to  the  MCP-OUT 
intensifier  lead.  CW  adjustment  of  the  trim  pot  increases  this 
voltage  to  -6500  vdc.  CCW  decreases  the  voltage  to  -3000  vdc. 

This  high  voltage  is  developed  in  the  power  supply  by  a  stack  of 
voltage  doubler  circuits.  This  multiplier  circuit  is  resistor 
returned  to  gnd,  so  that  any  tube  screen  current  flowing  at  any 
time,  must  pass  through  the  resistor.  A  voltage  is  developed  across 
the  resistor,  and  is  proportional  to  the  tube  screen  current. 

The  voltage  developed,  is  compared  to  an  ABC  limit  setting,  and 
will  shut  down  the  MCP  voltage  to  the  tube,  if  the  threshold  level, 
is  reached. 

7.0  ABC 

The  R-select  resistor  (  externally  available  as  Rsel  ) ,  is  used  to 
sense  the  tube  screen  current  as  described  in  paragraph  6.0. 

The  power  supply  comparator  for  ABC,  has  a  threshold  level  of  l  vdc 
and  will  shut  down  the  MCP  voltage  when  the  Rsel  voltage  reaches 
this  1  vdc  threshold.  The  choice  of  resistance  for  Rsel,  then  can 
determine  at  what  tube  current,  shutdown  is  desired.  Typically, 

Rsel  is  chosen  as  1  Megohm,  so  that  it  allows  ample  current  for 
normal  tube  use,  but  limits  screen  current  to  a  maximum  of  1  uA. 

.90119 


The  ABC  trim  pot  allows  fine  resolution  of  the  threshold  voltage 
used  by  the  shutdown  comparator.  CW  increases  the  threshold  to 
1.0  vdc.  CCW  decreases  the  threshold  voltage  to  o  vdc .  In  this 
manner,  the  ABC  pot  can  be  used  to  fine  tune  the  limit  current 
circuitry  for  use  as  an  automatic  brightness  control  feature, 

(  ABC  ) . 

The  power  supply  has  a  22  Megohm  internal  resistor  in  parrallel 
with  the  external  Rsel. 

At  delivery,  Rsel  is  set  to  1  Megohm,  and  the  ABC  pot  is  adjusted 
for  so  that  1  uA  of  screen  current  reduces  the  MCP  voltage  50X. 

8.0  Mechanical,  Leads 

The  power  supply  chassis  is  glass  epoxy  with  TRV  potting  internal. 
There  are  4  Mounting  inserts  on  the  base  of  the  power  supply, 

4-40  inserts. 

The  output  leads  are  silicone  coated  teflon  insulated  stranded 
wires,  reated  for  15kv. 


9.0  Processing,  Burn-in 

Standard  processing  prior  to  delivery  includes  24  hrs  of  operation 
unpotted,  at  23C,  at  nominal  output  voltage  levels,  followed  by 
48  hrs  of  operation  at  23C,  at  typical  output,  voltage  levels, 
followed  by  a  final  electrical  performance  test  at  23C. 

Other  tests  and  burn-in  environments  may  be  conducted  as  specified 
by  the  customer  purchase  order. 

LO.O  Test  Circuitry 

Electorstatic  voltmeters  or  equivalent  high  input,  impedance 
(  >  300  Gigohm  )  divider  probes  are  recommended  when  checking 
output  voltage  levels. 

A  dc  voltage  applied  to  Rsel  can  be  used  to  simulate  tube  screen 
current  for  MCP  shutdown  verification.  This  voltage  should  not 
exceed  5  vdc,  the  input  supply  voltage. 


90119 


PS  200057  Operation  «.  Instruction 


APPENDIX  G 


DEUT8CH  RELAY  TECHNICAL  DATA 

SERIES  D  J 


to  &/*("* *' 

/-,l  /y./J 

//■Y1  /S.t'S 

il-11  /t.i * 


rhrj  r,3ir- :i/a 
vvsis I-C3SS  rgiry 
•vitii  th2  ,;iost  impressive  list 
of  features  in  the  industry. 


i 


■  O  ■  I  ^  ■ 


Jr>  es- 


Coil  Th«  long  thin  coil  approochof  the  ideal  shape:  it  de¬ 

livers  mora  ampere-turns  par  watt.  Thin-wall  bobbins  increase 
efficiency  and  improve  thermal  conductivity  —  two  assurances 
_ ol  long,  glllbj*  relay  lilt. 


Contacts 


Slab 


Soot  _ 
Weight' 


The  unique  trapped  pressure  contact  system  absorbs  the 
kinetic  energy  of  the  armature  and  damps  the  reactive  forces 

which  helps  to  reduce  bounce  and  prevent  crossover. _ 

Standard  haif-sixo*  crystal  case. _ _ 

_  Hermetic;  less  then  l  x  10*  ec/see.’ _ _  - _ 

0.35  ounce  meaimum. 


lFORMA'sJC£  DETAILS: 


Switching  times 


Ufa 
Reliability 


i-gCtfflC^AL  CHARACTERISTICS. 

"  Contact  rating 


4  milliseconds  maiimum  at  nominal  coil  voltage  at  25  degrees 
C;  the  addition  of  an  arc-inhibiting  diode  across  the  coil  will 

increase  release  time  to  1 5  milliseconds  meaimum. _ 

1 00.000  operations  with  e  2  ampere  contact  load. _ _ 

Designed  to  meet  Mii.R-5757  (test  results  ere  available] 


Contact  resistance 


Dletectrfc  strength 


Insulation  resistance 


2  amperes  resistive,  end  1  ampere  inductive  (100  milllloules 
masimum  stored  inductive  energy;  time  constant.  6  milli¬ 
seconds).  Contacts  can  withstand  4  amperes  overload  for  100 
cycles  without  exceeding  specified  contact  resistance.  Avail¬ 
able  for  low  level  switching. _ 

0.05  ohm  maximum  Initially.  0.10  ohm  maiimum  after  ratad 

Jife. _ _ _ 

1 000  volts  rms.  500  volts  between  open  contacts  and  between 
coil  end  cate.  350  voits  between  terminals  at  80.000  leet. 

1 000  "megohms  ’  minimum"  ( 100  volts  dc.  25  degrees  C.  50 
percent  relative  humidity  maximum). _ 


Poster  requirement  220  milliwatts  maximum  at  pull-in  at  25  degrees  C. 

/IRONMInTAL  SPECIFICATIONS:  _ 

•fempereture  range- 


Shock 


Acceleration 

General 


—65  to  125  degrees  C. 
ib  g's  Irom  5  to  3000  cps. 

lMg's  at  11  milliseconds. 


Relay  will  operate  while  being  subjected  to  a  force  of  100  g's 

along  any  axis.  _ _ 

Hermetic  teal  assures  conformance  with.' other  environments 
such  as  fungus,  sand  and  dust,  humidity,  altitude,  etc. 


coil  DATA 


Coil  Nominal  Resistance  Mai.  Orop- 

Pirt  Coil  fofwris  1:10%  Maiimym  Pull-in  Voltage  OyfVoltas# 
No.  Voitage  at  25*0  At  25*C  At  125*0  At  25*C 


6 

6.3  vdc 

42 

3.2 

4.4 

1.6 

12 

12.6 

210 

68 

9.3 

3.4 

26 

26.5 

700 

13.5 

18.0 

6.8-3* -« 

32 

32.0 

1300 

168 

23.0 

8.4 

!  Series  DJS  CIRCUIT  DIAGRAMS  Strict  DJ 

I  UNtNUMWIOPOSITlOft  TERMINAL  Vlt* 


i  ° 

ft  L/C  »£AD 


ARC  SU’PftCSlON  CIRCUIT 


o  6  o\_a 

»tVC  & 

SCAO»>  C* 

TT\»  Q  O 


OROCRINQ  INFORMATION 


DJ  S  26  Cl  KA  I 


Modification  Utt art  add  tft«  itttar  "S"  to  tpacify  a  rt»»y  with  on 
internal  arc -inhibiting  circuit. 

CoM  Fad  Numbar.  Obtain  from  Coil  Data  TaWa. 

Malay  Mounting  Stylo:  Raf ar  to  illustratad  mounting  ttyia*. 

Haadar  Terminal  Stylo:  \T  signifies  hoohs.  "F”  signifies  pms.  and 
MAJ"  signifies  P/i-meh  load*.  Tha  numbar  refers  to  tha  numbar  of  ralay 
contacts  (thoro  in  I  m  i  2pdt  haador).  “A”  ii  a  contact  codo  I  attar. 

Low  Laval  Tatting  Letter.  •S"  moans  that  tha  r«iay  is  suitable  for 
low -I  aval  twitching  applications  and  has  recanted  a  tow-level  misa  taat 
(30  microampere*.  30  millivolts,  and  100  ohms  manmum). 


RELAY  SCRKS  LETTER: _ I 

MODIFICATION  LETTER: - 

COIL  FART  NUMSER: - — 

RELAY  MOUNTING  STYLE:  -  - - 

HEADER  TERMINAL  STYLE:  ■ 

LOW-LEY  EL  TESTINO  LETTER:  - 

OASM  NUMBER  <0*utteh-Fi»tor»'cod«  far  tp«ci«l  r«Jay«) 


EAST  NORTHPOAT,  IONS  ISLAND,  NEW  YORK  11731  /  (516)  2SS-1600 

* 
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APPENDIX  H 


ANALOG  TO  DIGITAL  CONVERTER  TECHNICAL  DATA  (HAS-1202) 


m  ANALOG 

Ultra-Fast  Hybrid 

id  DEVICES 

Analog-to-Digital  Converters 

1 _ 

HAS-0802/1002/1202 

MATURES 

Cwwaralon  Tlmn  *i  Low  »*  1.2m* 
Atsdution:  S,  10  and  12  Bin 
Kaesptlonaf  Accuracy,  0.012%  of  F.S. 

law  Power 

Can  utned  in  Q)au  or  Maul  32-Pin  DIP 
Adjustment- F  tea  Operation 

APPLICATIONS 
Wsvsform  Analyili 
Fast  Fourier  Tramformt 
Mar 


CINERAL  DESCRIPTION 

v«li  a  typical  conversion  time  a(  onlr  2.2w  tor  compk u  12* 
liitMwnion,  the  Analog  Devices* HAS  auks  hybrid  A/D  coo* 
n(wn  arc  among  the  fastest,  smallest,  moat  complete  surer uW 
iff  roi  Uni  lion  A/D's  available.  Housed  in  12-pin  DIP  packages, 
One  converters  feature  laser  trimming  for  accuracy  and  line* 
wry  surpassing  the  best  modular  competitive  A/D’s.  This 
win  offers  a  uni«jue  combination  of  flexibility  and  fimpit- 
lity  which  allows  them  »*•  l<  used  as  stand-alone  A/D  con* 
Mfters  requiring  no  additional  external  potentiometers  and 
seeding  only  an  analog  input  signal  and  encode  command 
lar  operation. 

The  HAS- 1 202  A/D  features  an  accuracy  of  0.012%  and  when 
combined  with  an  IITC-0J00  track* and-huld,  forms  an  A/D 
teaversion  system  capable  of  up  to  JSOklls  sampling  rates. 

TV  HAS  series  A/D*t  art  ideally  suited  for  applications  re* 
fusing  excellent  performance  characteristics,  small  sue,  low 
fomtt  consumption  and  adjustment-free  operation.  Some  of 
Asia  applications  include  radar.  PCM.  data-ac^iisition,  and 
fghsi-signsl-proccuing  ayarems  where  FHT*a  and  other  digital 
poetising  techniques  are  to  be  performed  on  analog  input 
fata. 


HAS-0102/ 1002/1 202  FUNCTIONAL.  BLOCK  DIAGRAM 


Kxtreme  care  in  circuit  layout  should  be  exercised  when  using 
these  hybrids  in  order  to  obtain  rated  performance.  In  partk* 
»V»,  input  iijd  output  runs  should  he  as  short  as  possible,  a 
ground  plane  should  be  used  to  ik  all  ground  pins  together, 
and  power  supplies  should  be  bypamed  as  dose  to  the  hybrid 
circuit  power  supply  pins  a*  possible.  Do  not  allow  input  or 
other  analog  signal  lines  to  be  in  dose  proximity  to  or  cross 
over  any  digital  output  line. 


ANAlOO-TO&GITAL  CONVf/HTAS  VOL  /.  ID-201 
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SPECIFICATIONS  Itypical  >  +25*  C  with  nominsl  vojUgtt  union  othimix  noted) 


MOOU 

UNITS 

IMVPOOJ 

(MVINI  HA V>  It  1 

M  SOLUTION  - 

SITS 

• 

i«  It 

Ul  W*l| hi 

RPtUSaata 

0.4 

0.1  R4IS 

•V 

40 

10  l.| 

A&LATIVt  ACCURACY  UNCVUUtMC  UHlARITY) 

\  P«0  VO* 

•  4| 

O.olt  0.011 

Qiaakui**  Am) 

LS» 

•  IP* 

•  • 

UNKARITY  VS.  TIMPKRaTURZ 

pr"*^c 

1 

IN«  Mnt>n 

I  Otdii  o*«t  Tf»f**i«*f  tuff) 

INPUT  OP  PUT  VOLT AUK 

' 

MakHTnumahk  w  It.*) 

•V 

10 

•  • 

In*  Ollaat  n.  Immiiimi 

HVI'C 

If 

•  • 

pV^C 

100 

•  • 

CAIN  IUOI 

Uaaial  (TtVmahk  i*  <U«»J 

%  Pi*  Saak 

0.1 

*  • 

Cik  rt.  TmfMMati 

»Wc 

It 

»  • 

INPVT 

Rasta*  <raf«*Jr> 

"HOnM1*  SuMaaS  U*>j«Im 

V  *0.1% 

♦10.14 

•  » 

••fiat 

V  *0.01% 

tl.lt 

•  • 

Rt*k*OT  PrayaMMuahk  ISa*  P>|«f*  1  > 

V.Oia. 

lwij*4  at** 

f)  aw 

1000 

•  • 

Qaaitakta 

V 

T*a  Tisaat  M  Stilt  »  w  - 

u  Jnrna;n«iaM 

EBJEJa 

i.su.t> 

i.m.4)  t.tu.11 

COMVIASfON  RATO 

klk  laa 

447 

It*  If* 

IN COOC  COMMAND  -  TTL  LOGIC  INPUT 

Ltfk  Unit  IPtaaiivt  L*f«) 

V 

"0”  •  0  *• 

•0.4,-r- •!*••» 

PwmNm1 

lx**"!" 

RtMit  Cmnimi 

lam* 

SiMta  Camtiwa 

y  r-^rj 

1  S«*A4at4  TTL  U*< 

"0“-  - 

|,4otA.  mi 

"1"  •  «hA.  sai 

NUtWMA 

M  w« 

too 

•  • 

Rtftikks  Raw 

0  (•Maim 

«ai  CaaHttka  Rtlt 

uxucoVTrtrrtL 

OtttMriplM) 


rmiki  Dim 


VfMiiiMMniM  k  tmpfcw  «ka  1**. 

AIm«  51  JOT*  law.iM*  k  *OM-  A  M£*ot». 
«ti*k*  my  k  UmUw4  «i  UUa  I i«M.  M  any 
h4  tw4  M  attttoa  An  kn*  «aim*to  r*|ktn  II 
•Aftw  rnkut  MMJ  (iM  to  **■■»«• 

1  |uMm4  TTL  ImA,  mu 

Ik-, «  ll*Wi4  pacaBak  l*M.  VaiM  Umm  urn* 

DA  OT^*1  JOT*  Ww  «m4  IhM  *f«t  t***if  I  tf  MX 
(M*A  <« 


“l"»*WVk*)V 

VlUiWnfM  s  Iun4w4  TTL  U*4a  «  1 TTL 

"fm  -trut*. 

Olltn  Ikacy  (OHO  ft*  Utnpt***  k»w 

•  ll4IV*llli....l 

tv. 

04fM«  Mawy  (OM  fov  MpolM  k|«» 

•  I.IIV  •  1 1 1 1 ....  I 


•V 

•1.1  |V 

••III... 

•OO^R... 

.  » 

POWf  R  RSQUIRIMBNTS 

r-  Jl_ 

•I4.IV  4*  tlf.1V  (* IIV  AktkitMu} 

•A 

4# 

• 

-14,1V  M  •IIJV  MSV  AhanfcM  Mu) 

wA 

II 

•  *  *  . 

•  , 

•4.71V  w  af.tlv  l.y V  AhaMtw  Mat) 

mA 

m 

-*  ' 

c , 

TCMPlJUrt/RI  RANG* 

OpwttMf  (Caw) 

*C 

IkfW 

• 

. 

*c 

PAOLACt  OPTION1 

IIV  S 1 A  ((tunic  pathaja ) 

IIV  )1C  Imttal  jachaft) 

*  Aka*  ««OT«tat  k  Mart.  4  ktoa*  kjk  tp 
•£*£  »t*  MTC«M«a. 

ykwyitmUMklyuk 


V0t.4’0-JO*  ANALOG’  TOWGITAL  COmtffTB/tS 


139 


Ttbb  I.  Output  C ottinp 


SCALE 

INPUT  OF  llTC-OlOO 

INPUT  OF  II AS  l  102 

DIGITAL  OUTPUT 

UNIPOLAR  OPERATION 

FS-1LSB 

-10.2J7SV 

♦  10.2575V 

1  1  1  1  1 1  111  1  1  1 

J  /4  FS 

-  7.6IOOV 

♦  7.6100V 

1 10000000000 

1/2  FS 

-  3.1200V 

♦  5.1200V 

100000000000 

1/4  FS 

-  2.5600V 

♦  2.5600V 

0)0000000000 

♦  USB 

-  0.0025V 

♦  0.0025V 

000000000001 

0 

0.0000V 

0.0000V 

000000000000 

BIPOLAR  OPERATION 

♦PS-1LSB 

-  J.1I7JV 

♦  5.1175V 

111111111111 

0 

0.0000V 

0.0000V 

100000000000 

•PS*1LSB 

♦  5.1175V 

-  5.1175V 

00000000000 1 

-FS 

♦  5.1200V 

-  5.1200V 

000000000000 

'CnJiof  and  Uyial  Indi  .flown  m  for  I1AS-120I.  I'm  I-  tod  Idbb 
A/D*.  dir  lopoi  IcvtU  Ut  Irw  by  the  viluri  of  dir  LSI  or  (|hi  for 
tart  cyyr,  tod  dir  di|irtl  oolpot  will  diow  ooly  I  m  10  bill,  rr^tcUvtly. 


PIN  FUNCTION 


1.30  DIGITAL  OROUNO 


2. 27. 31  +8V 


3 


Ii7.W.1l1=IVV4 

unn*n;'ifCTrn 

I  Hill  I'll  III^M 


BIT  10  OUTPUT 


BIT  11  OUTPUT 


BIT  12  OUTPUT 


17. 18.  IB  ANALOG  GROUND 


20.  23.  24  ANALOG  GROUNO 


D/A  OUT 


AIN 


COMP  INPUT 


ANALOG  INPUT 


IED1 


IL7Z 


•HAS-1002.  PINS  IS  AND  10  ARE  NOT 
CONNECTED  INTERNALLY. 

HAS-0802,  PINS  13. 14.  IS  ANO  IS 
ARE  NOT  CONNECTED  INTERNALLY. 
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tlMINO  SHOW*  FOK  TIMMO  l>  •***}**•*>• 

HAtOMlMCtM  L«*  It  111  io«ioi.M*«etivur,*»e  TOTM. 
typical  coNvcmtoN  timk  is  ».<*<•  ano  uul  ai  •‘iCTiviit. 

Figaro  1 .  tfmjny  CHogrom  (Typk*0 


stanoaao 

INFVIT 


1.  TMlSCtACUIT  SHOWN  FOA  UNlPOLAA  (0  TO*10.24V| 

INPUT. 0V  INPUT  -  000 QOQQOOOQO;  00.24  INPUT  • 

mimum 

t  FO A  8IPOLAA  <1R»2V|  INPUT.  UNQAOUNO  PIN  »  ANO 
CONNfCT  PIN  *t  TO  PIN  II. 

X  FOA  IXTAA-PAIClM  OAIN  IFUU-SCAl.il  AOJUS^MSNT 
CONNICT  A  IOn  VAAIAOVI  AlflfTANCI  IN  MPIII  WITH 
PIN  20  OP  MAS-1182.  THIS  Will.  A ISUIT  IN  0  TO  ♦10.000V 
INPUT  WITH  AOiUSTMINT  NANO  I  OP  »tt  OP  PUtl  KALI. 

4.  rON  (XTAA-PACCIM  If  AO  OP  PUT  FVOA«TM«NTCONNiCT 
1101  AIIISTOA  FAO*  PIN  21  TO  TNI  TAP  OP  A  108  POTIN- 
TIOMITI A.  INO  Tt  ANIMATIONS  OP  POTINTIONITIA  CONNICT 
TOVIIV  ANO  -1SV.  THIS  MAO  OPPSIT  AWU8TMINT  Will 
HA VI  A  A  ANO  I  OP  APPAOXIMATIIY  SlOOmV. 


AASOIWI 

MAXIMUM 


INPUT  RANGE 

R1 

R2 

Z*< 

SIGNAL  V 

0  to  ♦  JV,  12.3  V 

SHORT 

800 

500 

n#v  ; 

0  to  P7.JV,  15.75V 

SHORT 

2500 

750 

II1V 

0  to  *15V,  17.5V 

500 

OPEN 

1500 

IIOV 

Oio  *2QV.  110V 

10 00 

OPEN 

2000 

140V 

Input  Connection*  For  Option •!  Inpot  Bong* 


c 

ANAlOO_ _ 

IPTIONAI  FS 
FINC  AO J 

AAAA  — 

H 

IIONAL  O-^- 

^tr- 

21 

HAS 0802 

has- ton 

HAS- 1202 

A2 

Figure  X  Full  See  At  Trim 
APPLICATION  CIRCUIT 


ORDERING  INFORMATION  r. 

Order  model  number  IIAS-0§02,  HA5-I002,  or  MAS-1  JMW, 
8-,  10*.  or  12-bit  operation,  respectively.  Mttinf  connettoita 
the  MAS  series  A/D's  is  model  number  IISA-2.  Metal  cait4«0 
tions  of  this  A/D  with  extended  open  ling  temperature  ri»p 
arc  ilso  avaiiabk.  Consult  the  factory  or  nearest  Analof 
Devices'  sales  office  for  further  information. 


Figure  2.  Input  Connections  For  5 tender d  Input  Bongo* 
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APPENDIX  I 


FIFO  TECHNICAL  DATA  (IDT  7201/SA) 


Cfs) 

grated  Devlce'fcdinotogy  Inc. 


CMOS  PARALLEL 

IDT  7200S/L 

FIRST-IN/FIRST-OUT  FIFO 
256  x  9-BIT  &  512  x  9-BIT 

IDT  720 ISA/LA 

FEATURES: 

•  FirsMrVFkei-Oul  dual-pod  memory 

•  256  X  9  organization  (1DT7200) 

•  512  x  9  organization  (1DT7201A) 

•  Low  power  consumption 

•  Ultra  high  speed -SSnecycl*  Mm*  (28.5MHz) 

•  Asynchronous  and  elmuttaneous  md  and  wrtta 

•  Fully  axpandabla  by  both  word  depth  and/or  bk  width 

•  IDT7200 and  IDT7201 A  are  pin  and  functionally  compatible  with 
Mostek  MK4S01,  but  with  Hall-Full  Flag  capability  In  ilngla 
device  roods 

•  Mastar/Slsve  muttlprooaaelng  applications 

•  Bidirectional  and  rate  t>  4fer  applications 

•  Empty  and  Full  warning  nags 

•  Auto  rstransmrt  capability 

•  Hfgh-parformanca  CEMOS  “  technology 

•  Available  In  plastic  DIP.  CERDIP.  300  mil  THINDIP,  LCC.  PLCC 
and  Ftatpack 

•  MIIHary  product  ooropllant  to  MIL-STD-883,  Class  B 

•  Standard  MIIHary  Drawings  5962-57531  Is  pending  .tiling  on 
this  function.  Refer  to  Section  2/page  2-4. 


DESCRIPTION: 

The  IDT7200/7201A  are  dual-port  memoriae  that  utilize  a  spe¬ 
cial  Fim-WFirot-Out  algorithm  thtt  loads  and  empties  data  on  a 
fkat-ln/llist-out  basis.  The  devices  use  Full  and  Empty  nags  to  pre¬ 
vent  data  overflow  and  underflow  and  expansion  logic  to  allow  for 
unlimited  expansion  oapabilky  In  both  word  size  and  depth. 

The  reads  and  wrttee  are  mtemalfy  sequential  Strough  the  use  of 
ring  pointers,  with  no  address  Inlormatlon  required  to  load  and  un¬ 
load  data.  Data  Is  toggled  In  and  out  of  the  devloas  through  Ste  use. 
of  the  Writs  (99)  and  Read  (ft)  pine.  The  devices  have  a  read/write 
cycle  Urns  of  35ns  (28.5MHz). 

The  devloas  utilize  a  M>K  wide  data  array  to  allow  for  oomroi  and 
parity  bits  at  Sts  user's  option.  This  feature  Is  especially  useful  In 
data  communications  applications  where  It  la  necessary  to  use  a 
parity  Ml  for  transmlaalorVracepDon  error  checking.  It  also  features 
a  Retransmit  (RT)  capabtlttythat  allows  for  reset  ol  the  read  pointer 
to  Its  Initial  position  whan  m  Is  pulsed  low  to  allow  tor  retransmis¬ 
sion  from  the  beginning  of  data.  A  Half-Full  Flag  Is  available  In  the 
single  device  mode  and  width  expansion  modes. 

The  IDT720Q/1 A  are  fabricated  using  IDTs  high-speed  CEMOS 
technology.  They  ate  designed  for  tftoee  applications  requiring 
asynchronous  and  simultaneous  raad/wrttae  m  multiprocessing 
and  rata  buffer  applications. 

Military  grade  product  Is  manufactured  in  compliance  with  the 
latest  revision  ol  MIL-STD-883.  Class  B. 


N  CONFIGURATIONS 


FUNCTIONAL  BLOCK  DIAGRAM 


U  □  □ 
mis 


DATA  INPUTS 
ffV-D.) 


I  WRITE  1 
I  CONTROL  I 


DoC «  »ufc/ht  o<( 

WO  «  3*5  °0 

FFC  fCwa-i!  *t  3 
C^c  •  W*-2  a>  UXO/RFo  FF 
°tC.e  *  DO,  Cfc 

cxr  ..  *aa-3  ..in.  « 


WRITE  1a  ARRAY  H  read 
POINTER  V  SSsVb  V  POINTER 

t  612.‘9  ft 


MILITARY  AND  COMMERCIAL  TEMPERATURE  RANGES 


JANUARY  1989 


WT7200T7201A  CMOS  PARALLEL 
fmST-»unRST<our  nra  sm  *  hit  a  112  *  *-»rr 


MILITARY  AND  COMMERCIAL  TEMPERATURE  RANGES 


nr.rz< 

r  RATING 

iama 

■  WTV1 

Ena 

D 

-0.6  la  +7.0 

-OA  to  +7.0 

a 

m 

Opareang 

Tamparekjra 

0to+70 

-66  to  +126 

•c 

n 

Tarnparelure 

Undar  Maa 

-46  to  +126 

-66  to  +136 

•c 

T*re 

-66  to  +126 

-6610  +166 

D 

feur 

DC  Ou^ut  Currant 

60 

60 

a 

RATINGS  may 


infer  ABSOLUTE  MAXIMUM 

»  pamrenantdarnaga  to  *»  davtoa.  TNa  k  a  M 

tonal  cparaSon  at  ma  davtoa  M  toaaa  or  any  otoar 

>pw  tom  raooN  ■!  wTB  OpMrMOna  Mdoni  Of  rVi 

on  la  not  knpaad.  Expoaua  to  aDaoAAa  maximum  nAna 
oandMona  tor  aafendad  parted.  may  Mlaot  laAMMIy. 


RECOMMENDED  DC  OPERATING  CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYR. 

MAX 

UNIT 

UM^U 

Supply  VaMQa 

4.6 

m 

5.5 

a: 

Kx 

COfTVMfQW 

Supply  VotaQi 

D 

m 

64 

a 

GND 

Supply  Voltoga 

0 

0 

0 

_yH 

El 

Input  Hirei 

lin  to.  +.  _  .  ■ 

rOHQi  uorTVTMraw 

2.0 

- 

- 

a 

ta 

OS| 

22 

- 

- 

N 

g 

Inpul  Low 

UoRapa 

CommareW 
and  usury 

■ 

■ 

n 

a 

NOTE; 

1.  16Vmdarahootoarealoaadtor  lOnaoneaparoyola. 


DC  ELECTRICAL  CHARACTERISTICS 

(CommareiAliHx-  5.0V  t10%.TA  -  0*Clo  rWC:  Military:  ^  -  5V  ±  10V  TA  -  -55*C  to -f  12S»C) 


SYMBOL 

PARAMETER 

IDT7200S/L 
I0T72016A/LA 
COMMERCIAL 
t*  •  26. 36na 

IDT7200S/L 

IDT7201SA/LA 

MILITARY 

U  -  30.40rw 

WMM 

UNIT 

MIN. 

TYR. 

MAX 

MIN.  TYR. 

MAX 

MIN.  TYR. 

MAX 

MIN. 

TYR, 

MAX 

lu<’> 

k^xscmihhHh 

-1 

- 

1 

-10 

10 

-1 

TH 

-10 

- 

mA 

Iuj® 

Oufut  LMkjg*  Current 

-10 

- 

10 

-10 

10 

-10  - 

10 

-10 

- 

10 

M* 

Km 

■35£3E2H 

24 

- 

- 

24 

*" 

24  - 

- 

24 

- 

- 

a 

E9 

- 

- 

0.4 

- 

Ci.4 

- 

0.4 

- 

- 

0.4 

D 

B3HB 

Aoare  Roarer  Supply  Current 

- 

- 

larf4* 

■- 

itd*’ 

60 

60 

- 

70 

100 

mA 

fee." 

sreiiKSsr.*. 

- 

- 

16 

- 

20 

6 

S 

- 

8 

16 

mA 

lasaWP 

Roarer  Doaai  Current 
(Ml  Input  >Vbc -02V) 

-  -  600 

900 

600 

-  600 

M* 

•o»(Sf 

If  i  m1  1 1 

6 

s 

-  -  6 

9 

mA 

NOTES: 

1.  Maaarearnanto  n«h  04s  Ifeslfe  ■ 

2  RSV.  O.asVburSVfcc 

S.  loc  I  uremanta  are  owda  nth  cxxputi  opan. 

4.  TaatidMf  «  20  MHz. 


wmowrsoi  a  CMOS  PARALLEL 
WRtT-MWUWT-OUT  WO  26*  (  MfT  A  *12  X  WMT 


MIUTAKY  AMO  OOHHERC1AL  ntlKMTUU  RANGE* 


AC  ELECTRICAL  CHARACTERISTICS 

jCommorcHI:  \fa.  -  5V  *10VT*  -0*Cto  +70»C;  MUIary  \fae  ■  SV  *10% 


OOM*L  Hit.  OOftrL  MIL 


F^Fl 

□maoazgciQcgt^^ 


7300)31 

7*01*2* 


7200x3* 

raotxM 


7200*40  7200*00 

7201*40  7201x00 


S6*C<0  +125* 


MILITARY  AMO  COMMERCIAL 

7201*00  I  7201x120  UNIT 


ONRFraqumoy 


AcooooTlmt 


Mold  Rioooy  Tim* 


RlldPUwVReMi® 


Raoot  to  Empty  Flag  Low 


RoaottoHaH-Ful 
and  Fid  Flog  High 


Road  Low  to  Empty  Flag  low 


Road  High  to  Ful  Flag  High 


Raid  PuNo  WWh  AlMr  EF  High 


1MM*  High  to  Empty  Flag  High 


WlOa  low  to  Fid  Flag  Low 


MMH  low  10  HalFFUl  Flag  low 


WrtW  Pulaa  WdPidtarff  High 


RoadlWM*  to  XO  Low 


-  2ft 


-  25  -  30 


55  Putoa  Width 

26  - 

30  - 

36 

40 

50  Rocototy  Tim* 

10  - 

10  - 

10 

10 

50  Setup  Tima 

16  - 

16  - 

15 

16 

16  -  18  -  I  16  -  I  16  -  |  16  - 


1.  ~rVntng»  toawnood  a*  to  AC  Tool  CcrdMono. 

Z  Mao  wMha  loop  Otaw  minimum  taluo  art  not  Mtowod. 
in*  guarantaod  Oy  aoalgn.  not  cunonty  laotod. 
^fllyappOaa  Id  toad  data  Oow-through  mod*. 

*.  V  In  part  ro*ng  tndtooH*  powor  raOig  (S/SA  or  ULA). 
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tOTTMOfTMIt  CMOS  PARALLEL 

nMT<twnMT<ouT  nra  t«*  i  Mir  «  *»  «  mit 


MILITARY  AND  COMMERCIAL  TEMPERATURE  RANGE* 


AC  TEST  CONDITIONS 


input  MreLavMa 

UNO  to  3.0V 

Input  RtealFe*  ftowa 

fine 

Input  TtrWig  AMWene*  Lavali 

1.W 

Oufout  Retwanoe  LweM 

16V 

Output  Load 

See  Rgure  1 

CAPACITANCE  (Ta-  ♦zrc.t  -  i.omkz) 


rm  '-*i 

PARAMETER  0) 

MAX 

warn 

Input  Cepeereno* 

Va-OV 

8 

n 

s; 

VOUT"  CV 

• 

NOTE: 

1.  ThW  perxrrawr  fc  wmpWd  and  not  100% 


SIGNAL  DESCRIPTIONS 
INPUTS: 

DATA  IN  (Dr-D.) 

Data  Inputs  for  Sblt  wide  data. 

CONTROLS 

:RCSC]t<Eg)  1 

Raaat  la  aooompilahadwtianavar  foa  Raaat  (R5)  input  la  taken 
foa  towaua*.  During  raaat,  both  Iraamal  read  and  writ*  point*™  ara 
•at  to  Via  flnt  location.  A  raaat  la  required  altar  powar  up  before  a 
writ*  operation  can  taka  place.  Both  to*  Raad  enable  (R)  and 
Writ*  anabla  (W)  Inputa  muat  ba  In  tha  high  atata  during  tha 
window  shown  in  Figure  2,  (l.a.,  tns  before  tha  rising  edge  of 
RS)  and  should  not  ehanga  untl  tea*  after  tha  rising  ado*  of 
RS.  Had-Ful  nag  (fff)  wor  ba  raaat  to  high  attar  flfaat  (RS). 

write  enable  (fly 

Awrite  cycle  la  imtMsd  on  the  tailing  edge  ofthis  Input  If  Via  FUN 
Flag  (fpj  la  not  aaL  Data  aat-up  and  hold  tlmaa  muat  ba  adharad  to 
wUh  raapact  to  tha  rlalng  edge  of  tha  Writs  anatx*  (W).  Data  Is 
•lorrtfolha  RAM  array  aaquaraially  and  indapandanily  of  any  on¬ 
going  raad  operation. 

Altar  half  of  tha  mamory  Is  flllsdandat  foa  foiling  adgaol  to*  next 
write  operation.  Via  Hall-Full  Flag  (OF)  win  ba  aai  to  low  and  wilt 
ramaln  aat  until  tha  dHlarenoa  balwaan  to*  writ*  pointar  and  lead 
poimar  la  laaa  toan  or  aquai  to  ona  halt  of  tha  total  mamory  of  tha 
datrioa-Tha  Half-Full  Flag  (HP)  la  than  raaaf  by  the  rising  adga  of 
tw  raad  operation. 

To  prevent  data  overflow,  tha  Fun  Flag  (FF )  will  go  low,  MEM- 
fog  further  writs  operations.  Upon  tha  completion  of  a  valid  feed 
oparatlon,  tha  Ft#  nag  (FF)  wM  go  high  attar***,  allowing  a  valid 
writs  to  begin.  Whan  tha  FIFO  la  kil.  tha  iraamal  write  poimar  la 
blocked  from  W,  ao  external  changes  In  W  win  not  afteet  «ta  FIFO 
whanjUatuH. 

READ  ENABLE  (R) 

A  mad  ovcia  la  imHatsd  on  toe  faNno  ados  of  toe  Raad  enable 
<R)  provided  tha  Empty  Flag  (EFj  la  not  aaL  Tha  dais  la  aooaaaad 
on  a  FM-lrvFin*Out  basis,  independent  of  any  ongoing  writ*  op¬ 
eration*.  Attar  Raad  anabla  (R)  goaa  Ncfo,  tie  Data  Outputs 
(Qo-Qi)  win  raun  to  a  high  impadanaa  oondMon  untfl  the  next 

baaA  jjijjal Inri  |AA^^h  aN |Au  n^|A  Amu EEms  RHEA  1*^ 

ntaaoprrvDon.  wran  an  tw  ananas  own  rsaairurnswnrw,  nr 
Empty  Flag  (EF|  wM  go  tew,  allowing  the  UnaF  raad  oyofo  but  Irv 

KIAIiLm  A  arAwMsMMWWlM*  MjaA  ft.  Ay  m  gMwalnlMt  lik  • 

ncw^mTWwrrawOcpafaponswwiwwoaiaousxairirnaTNnQ  bit 

high  Impadbnoa  atata.  Onoa  a  valid  writs  operation  has  bean  so- 
oompi  lahad.  tea  Empty  Rag  (FF )  will  go  high  attar  W  and  a  valid 
mad  can  than  begin.  Whan  tha  FIFO  la  empty,  tea  internal  read 


Figure  1.  Oufout  Lead 
*Mudw  *g  and  aoepe  oapaorwnoaa. 


pointar  la  blocked  from  R  ao  external  ehangaa  In  R  will  not  aflact 
tea  FIFO  whan  I  la  amply. 

FIRST  LOAD/RETRANSMIT  (FLET) 

This  Is  a  dual-pupae*  Input  into*  Oapth  Expansion  Mod*.  tola 
pin  It  grounded  to  indicsW  thatlt  b  tha  first  lewdad  (sa*  Operating 
Modes).  India  Single  Davlca  Mode.  Ms  pin  ads  as  foa  retransmit 
InpuL  Tha  Slngl*  Davlo*  Mod*  Is  InKlatad  by  greutoing  fo*  Expan¬ 
sion  In  (JD). 

Tha  IDT7200/7201A  can  be  mad*  to  rstrantmll  data  whan  the 
Retransmit  anabla  control  (HT)  Input  I*  pulsed  low.  A  retransmit 
operation  will  sal  lha  Iraamal  read  pointar  to  the  first  location  and 
will  not  affect  foa  write  pointar.  Raad  anabla  (R)  and  Writ*  snabte 
(W)  must  ba  In  foa  high  Kata  during  retransmit.  This  Mature  I*  uaa- 
IU  whan  laaa  foan  2S&9I2  writs*  ara  performed  balwaan  raaaa. 
Tha  ratranamR  feature  la  not  oompatibi*  with  foa  Depth  Expansion 
Mod*  and  will  affect  foa  Half-Full  Rag  (RF),  depending  on  the  raia- 
Uv#  locations  of  the  read  wid  write  pointer*. 

EXPANSION  IN  (S3)  < 

Thla  Input  la  a  duakpupoaa  pin.  Expansion  In  (XI)  la  grounded 
tojndlcets  an  operation  In  foa  atnoiadavloa  mode.  Expansion  In 
PO)  la  cormacied  to  Expansion  Out  (5(0)  of  foa  prevlouadavlo*  In 
the  Depth  Expansion  or  Delay  Chain  Mod*. 

OUTPUTS  1 

FULL  FLAG  (PR) 

Tha  Full  Flag  (FF)wWl  go  tow.  tohfbfUngflxtoar  write  aparatkn 
whan  foa  win*  poimar  la  ona  location  lee*  foan  foa  read  poimar. 
indfoatlng  foat  foa  davloaiafott.  If  foa  mad  poimar  la  notmovad  af¬ 
ter  Raaat  (IS),  foa  Full-FItg  (FF)  will  go  low  attar  296  writes  tor  foa 
IDT7200  and  512  wrttaa  for  foa  IOT7201A 
EMFTY  FIAQ  (KF) 

ThaEmptyFlao(g)w«g(i^jowfifototllnofonharra.copana- 
ttona  whan  the  read pofotarNaqmvtofoa  writs  poimar.  indfoating 
foac  foa  davloa  Is  amply. 

EXPANSION  OUT/HALF-FULL  FIAQ  (K6/NF) 

Thla  Is  a  du*l-pupoaa  oufouUn  foa  afogia  davloa  mod*,  wtian 
Expansion  in  pO)  la  grounded,  fof  output  act*  as  an  indication  ofa 
haH-AA  memory. 

Attar  half  of  foa  memory  la  Mad  andat  foa  toiling  adga  of  foa  next 
writ*  oparatlon,  foe  HaJf-Fu*  Flag  (HP)  win  ba  aat  to  tow  and  win 
remain  asfirtH  foe  dtosrenoa  between  foe  writs  pointer  and  read 
pointer  la  teas  toan  or  aqualto  ona  half  of  foa  total  mamory  of  foa 
davloa.  Tha  Half-Futi  Flag  (HP)  la  foan  reaat  by  foa  rising  adga  of 
foa  reed  oparatlon. 

In  foe  Osofo  Expansion  Moda.&manalon  In  (53)  Is  oemsetef 
Expansion  Out  0?O)  of  foa  pravtota  davica.  Thla  oupuaefo  as  •• 
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lOmMTMt*  OMOt  PAAAUtl 
FUUT-M/mUT-OUT  FIFO  1H  x  »«T  4  *12  X  *-»!T 


MlUfAAV  ANO  OOMMISROIAl  TCMPCAATUAt  NANOCt 


IDT7200/T20IA  CMOS  PARALLEL 

nnsT^m/nnsT-ovr  fifo  w  x  mmt  a  m  i  *-arr 


MILITARY  AMO  OOMMCRCIAL  TEMPERATURE  MAMOel 


NCTIOWnOIA  CMOS  MRAt XU. 

nMT-HvnntTOur  nra  m  i  mmt  *  •»  x  *«t 


MILITARY  AND  OOMMIRCIAl  TCMPCRATURe  RANOU 
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M>T7M0/7MtA  CMOS  MMAIW. 
rtMT-«imftST-ouT  nro  ih  <  *-«t  4  »iix*-err 


MILITARY  AND  OOMMCNCtAL  TCMPCRATURE  RANGE* 


MOTaKffWU  C.--.  PARALLEL 

FIRST-Nt/FIRST-OUT  RFO  254  x  MIT  4  912x  MIT 


MILITARY  AND  COMMERCUL  TEMPERATURE  RANQEE 


DEPTH  EXPANSION  (DAISY  CHAIN)  MOOS 
The  CT720CV7201A  om  Malty  be  adapted  to  appileatlone 
where  N  requiremerte  ara  tor  graaiar  Btan  at/512  worda. 
Flgua  14  damonantM  Dap*  Expansion  ualng  Ena 
K>T7200/7201Aa.  Any  dapth  can  baaUainad  By  adding  additional 
IDT720CV7201A*.  The  IDT720C/7201A  operetta  In  Ete  Dapat  Ex- 
panaton  oonflguretion  whan  Eta  Hollowing  oondWcne  ara  mat 

1.  The  Rial  device  muei  be  dteigned  by  groEtdtoQ  Ete  Fuat  Load 

(PL)  control  Input 

2.  A2  otter  devices  mutt  have  FI  In  E»  high  state. 

3.  The  Expansion  Out  (JJO)  pin  of  each  devtoemuet  be  Ted  to  E» 
Extension  In  (SO)  pin  of  «ta  next  device.  Saa  Flgua  14. 

4.  BMmal  logic  Is  needed  toganarettaccmpoaReFUE  Rag  (ff) 
and  Empty  Flag  (CP).  This  requires  Eta  ORing  ea  all  ET»  and 
OWng  of  ai  FFs  (1a.  all  muat  ba  aat  to  ganatata  Eta  coned  com- 
poaRs  FT  or  EF).  Saa  Figure  14. 

5.  The  natranamR  (ITT)  (Unction  and  HaE-FuD  Rag  (HP)  ara  not 
avaliabtoin  Eta  OapEt  Expansion  Mode. 

For  addMonal  Mbmation  ralar  to  Tech  Nolo  9:  ‘Caacading 
RFOa  or  FIFO  Modutaa*. 

COMPOUND  EXPANSION  MOOS 
Tin  two  •■pintori  tachnjomt dwortbtd  ibovi  can  b>  applied 
togsttar  In  a  aEalghdonaard  manner  to  achieve  large  RFO  atraya 
(see  Figure  is). 

SIOINECTIONAL  MODS 

Applications  which  require  data  buffering  between  two  aytlama 
(each  ayatam  capabia  ol  Read  and  Write  operational  can  ba 
achieved  by  pairing  IDT7200/7201 As  ax  shown  In  Figure  18.  Cara 
muat  betaken  to  aaaue  that  tha  appropriate  flag  to  monitored  by 


each  ayatam,  (to..  FF  la  monitored  on  Eta  dsvloe  where  W  Mused; 
EF  la  monitored  on  Eta  device  where  R  la  teed).  Both  Depth  Ex- 
panalon  and  WldEt  Expanaion  may  be  ueed  m  Etta  mode. 

DATA  PLOW-THROUOH  MODES 

Tiro  typaa  ol  flwMfwugh  modaa  are  permuted:  a  read  flow- 
Eroupt  and  rote  flowthrough  mode.  For  Eta  read  flow  Trough 
mode  (Fig us  17).  Eta  FIFO  permRa  the  reading  o I  a  eingio  word 
after  wrtting  one  wort  ol  data  Into  an  empty  FIFO.  The  data  M  en¬ 
abled  on  Eta  buz  In  (w+  Wns  after  Eta  rtalng  edge  ofW,  called 
Eta  flret  wtita  edge,  and  R  rematna  on  Eta  bua  until  Eta  H  Una  a 
reload  irom  low  to  high,  altar  Milch  Eta  buo  would  go  Into  a  Eroe- 
state  mode  after  Wane.  The  EF  «na  would  have  a  pulae  Mowing 
temporary  da  assertion  and  Ian  woUd  be  assarted  ln»te  interval 
of  tfma  Etat  R  a  low,  more  worca  can  be  wrtaan  to  Eta  RFO  (Eta 
subsequent  wrtttedttr  Eta  Aral  write  edge  wuide-eeeen  Eta  Empty 
Flag);  howai  ar.  Eta  aama  word  (written  on  eta  mat  write  edge)  pre- 
aanttd  to  Eta  outout  bus  as  Eta  read  pointer,  would  not  be  incre- 
mantad  whan  R  a  low.  On  toggling  R.  Eta  oEterworda  Etat  are  writ¬ 
ten  to  Ete  FIFO  will  appear  on  Eta  output  bua  aa  In  Eta  read  cycle 

tli  n  (n  rre 

wrung*. 

In  Eta  writs  flow  trough  mods  (Figure  16).  Eta  RFO  permte  Eta 
writing  ol  a  ainga  word  of  data  tmmsdiattly  after  readtog  one  word 
or  data  from  a  full  RFO.  Tha  R  Una  c a Lwea  Ew  FF  to  bora  aaaanarl 
buiEtaW  lata,  being  low,  cauaea  itto baaaaanad  again  in areidpo- 
Eon  of  a  new  data  word.  On  Eta  rtalng  adoe  of  W,  Eta  new  word  la 
loaded  In  Ete  RFO.  The  W  Una  muat  ba  toggled  whan  FF  la  not  aa- 
aartad  to  write  new  data  In  Eta  RFO  and  to  Increment  Eta  write 

pointer. 

For  additional  Information  refer  to  Tech  Note  8:  ‘Operating 
RFOa  on  Full  and  Empty  Boundary  Condlttone'  and  Tech  Note  8: 
•Designing  wflh  RFOa.* 


TABLE  I -RESET  AND  RETRANSMIT— 


SINGLE  Device  CONFIOURATION/WIDTH  expansion  mode 


MOOC 

i  INPUTS 

!  INTERNAL  8TATUS  i 

OUTPUTS  1 

o 

RT 

Si 

Witte  Pointer 

» 

n 

Ratal 

0 

X 

0 

Looaton  Zara 

looeann  Zero 

0 

1 

Wwwnll 

1 

0 

0 

Utnaaon  Zero 

Unotwrgad 

X 

X 

X 

ea _ —  - 

nMOWTilB 

1 

1 

0 

tnoramarfli’i 

ktoremant1'! 

X 

X 

X 

1.  Pokrter  turn  Increment  4  lag  la  Ugh. 


TABLE  II— RESET  AND  FIRST  LOAD  TRUTH  TABLE - 


DEPTH  EXPANSIOWCOMPOUNO  EXPANSION  MOPE 


HOOF 

|  INPUTS 

i  INTERNAL  STATUS 

i  OUTPUTS  | 

19 

K 

IS 

WrNaFaMar 

U 

ff 

Ratal  FM-Devtoe 

0 

0 

(D 

LooaeonZara 

LooatonZaio 

0 

1 

Raeat  A»  Otter  Detteea 

0 

1 

(D 

LooaBon  Zero 

Looeton  Zero 

0 

1 

Wetd/WlSa 

1 

X 

..fl— 

X 

X 

X 

X 

NOTES: 

1.  15  MooraiaoMd  tD_xB_or  prwvtoua  devtoa  Saa  Flgua  14.  _  __ 

RS»  ftaaM  Input  FUWT-  Rat  load/naeanamREF  -  EnyRy  Hag  OuDuLFF  •  FkJFNgOutouLXi  -  Expareton  Input  HF  -  HatFFtA  Flag  Outout 


sa-io 


151 


(OT7MW7M1 A  CMOS  PARALLEL 

nA*T-!Mipm«T-ouT  fifo  ut  >  wmt  a  *12  x  wsrr 


MILITARY  AND  COMMERCIAL  TEMPERATURE  RANG  El 


Plgurt  14.  Btook  Diagram  at  liNi  9  FIFO  Mamory  (Depot  Expansion) 


NOTES: 

2.  For  dgA  canton  bioefc  mv  Melon  on  OapTi  Expansion  and  Ftgura  14. 

2.  For  FMg  doMton  as*  Melon  on  Wldti  Expansion  aid  Rgun  IS. 

Figure  if.  Cam pound  FIFO  Expansion 
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IOT720WR01A  CMOS  PARALLEL 

nR$r-i'VPtMT-ouT  nro  2M  <  varr  a 512  x  «rr 


U._i  r ARY  AND  COMMERCIAL  TEMPERATURE  RAMOU 
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APPENDIX  J 


OCTAL  LATCH  TECHNICAL  DATA  (CD  54HC373) 


Technical  Data _ , _ 

CD54/74HC373,  CD54/74HCT373  File  Number  1679 

CD54/74HC573,  CD5^ '74HCT573 


High-Speed  CMOS  Logic 


FUNCTIONAL  DIAGRAM 


Octal  Transparent  Latch,  3-State  Output 


Type  Features: 

•  Common  latch  enable  control 

■  Common  3-stnto  output  onnhln  control 

•  Bullorod  inputs 

■  3-State  outputs 

•  Bus  line  driving  capacity 

•  Typical  propagation  delay  *  12  ns  @  Vcc  -  SV.  Cu  *  15  pF.  7*  *  25’  C 
(Data  lo  Output  lor  HC373 ) 


The  RCA  CD54/74HC373/573  and  C054/74IICT373/573 
are  high  speed  Oclal  Transparent  Latches  manufactured 
with  silicon  gate  CMOS  technology.  They  possess  the  low 
power  consumption  ol  standard  CMOS  Integrated  circuits, 
as  well  as  the  ability  to  drive  IS  LSTTL  devices.  The 
COS4/74HCT373/573  are  functionally  as  well  as  pin 
compatible  with  the  standard  54/74LS373  and  573. 

The  outputs  are  transparent  to  the  Inputs  when  tho  latch 
enable  (LIT)  Is  high.  When  the  latch  enable  (LE)  goes  low  the 
data  is  latchod.  The  output  enable  (bEJ  controls  the  3-state 
Outputs  Whon  the  output  onahlo  (Of:)  is  high  tho  outputs 
are  In  the  high  Impedance  state.  The  latch  operation  Is 
Independent  to  the  slate  of  the  output  enable.  The  373  and 
573  are  Identical  in  function  and  differ  only  In  their  pinout 
arrangements. 


The  CD54HC/HCT373/573  are  supplied  in  20  load  ceramic 
dual-in-line  packages  (F  suffix)  The  C074HC/HCT373/573 
are  suppliod  in  a  20-lead  plastic  dual-in-line  plastic  package 
(E  suffix)  and  in  20-lead  surface  mount  plastic  packagos 
(M  suffix).  Both  types  are  also  available  in  chip  form 
(H  suffix) 

1  of  8  Identical  Circuits  v'c 


a 

or 


o — 0—1— 0—1 
o— 0» — O'*— i> — 


ot  51 


fig.  I  •  Logic  diagram. 


Family  Features: 

*  Fanout  (Over  Temperature  Range): 

Standard  Outputs  -  to  LSTTL  Loads 
Dus  Driver  Outputs  ■  15  LSTTL  Loads 

*  Wide  Operating  Temperature  Range: 

CD74HC/HCT:  -40  fo  >85’ C 

*  Balanced  Propagation  Delay  and  Transition  Tima i 
a  Significant  Power  Reduction  Compared  to 

LSTTL  Logic  ICs 

a  Alternate  Source  is  Philips/Signetics 

*  CD54HC/CD7 4IIC  Typos: 

2  fo  f?  V  Oporntion 

High  NoiSO  Immunity:  jV.e  =  30%.  fV,„  ■  30%  ol  Fee. 
@  Vcc  *  5  V 

*  CD54HCT/CD74HCT  Types: 

4  5  10  5.5  V  Operation 
Direct  LSTTL  Input  Logic  Compatibility 
W  »  0.8  V  Mas..  Fm  »  2  V  Min. 

CMOS  Input  Compatibility 
I,  <  I  ,iA<&  Voe,  Vou 


TRUTH  TABLE 


Output 

Enable 

Latch 

Enable 

Dele 

Output 

L 

H 

H 

H 

L 

H 

L 

L 

L 

•  L 

1 

L 

L 

L 

h 

H 

H 

X 

X 

z 

Note: 

L  3  Low  voltage  levol 
H  •  High  voltage  level 
I  *  Low  voltage  level  one  set-up  time  prior  to  the  high  is 


X  •  Don't  Care 
Z  •  High  Impedance  Sti'f 


low  latch  onablo  Iransilion 

h  *  High  voltage  level  one  set-up  lime  prior  to  Ihe  high 
to  low  latch  enable  transition 
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Technical  Data 


CD54/74HC373,  CD54/74HCT373 
CD54/74HC573,  CD54/74HCT573 


MAXIMUM  RATINGS,  Absolute-Maximum  Values: 


OG  SUPPLY-VOLTAGE,  (Vccl 

(Voltages  referenced  lo  ground) . -0,5  lo  >7  V 

OC  INPUT  OIOOE  CURRENT,  I,.  (FOR  V,  <  -O  S  V  OR  V,  >  V«  -0  5  V) . 120  mA 

DC  OUTPUT  DIODE  CURRENT,  lo.  (FOR  Vo  <  -0  5  V  OR  Vo  >  V«  -0  5  V) . 120  mA 

OC  DRAIN  CURRENT.  PER  OUTPUT  (l0)  IFOR  -0.5  V  <  v0  <  V«  -0  5  V)  . 135  mA 

OC  Vce  OR  GROUNO  CURRENT.  (Ice) .  . 170  mA 

POWER  DISSIPATION  PER  PACKAGE  (Po): 

For  T.  •  -40  lo  <60*C  (PACKAGE  TYPE  E| .  500  mW 

For  T»  •  *60  IO  .as*C  (PACKAGE  TYPE  El .  .  Durniu  Linearly  el  8  mWPC  lo  300  mW 

For  T.  *  -55  10  •  100'C  (PACKAGE  TYPE  F.  U)  . .  500  rnW 

For  T»  --  ’100  lo  •125*C  (PACKAGE  TYPE  F.  H) . Derate  Linearly  ai  8  mW/*C  lo  300  mW 

For  T»  •  -40  to  «70*C  (PACKAGE  TYPE  M) .  400  mW 

For  T.  •  *70  to  *  I2S*C  (PACKAGE  TYPE  M) . Derate  Llnoarly  al  8  mW/*C  lo  70  mW 

OPERATING-TEMPERATURE  RANGE  (T.). 

PACKAGE  TYPE  F.  H .  -55  IO  •  I25*C 

PACKAGE  TYPE  E.  M . . -40  to  *8S*C 

STORAGE  TEMPERATURE  (T,„) .  -65  lo  -150*0 

LEAD  TEMPERATURE  (DURING  SOLDERING): 

At  distance  1/16  1  1/32  in.  (I  59  1  0  79  mm)  Irom  case  lor  10s  mas .  >26S*C 

Unit  inserted  into  a  PC  Board  (mm  thickness  1/ 16  in  .  I  59  mm) 

with  solder  contacting  lead  lips  only .  >300*C 

RECOMMENDED  OPERATING  CONDITIONS: 

For  maslmum  reliability,  nominal  operating  conditions  should  be  selected  so  that  operation  Is  always  wilhln  the 
following  ranges: 


CHARACTERISTIC 

LIMITS 

UNITS 

MIN. 

MAX. 

Supply-Vollagu  Range  (For  T*  =  Full  Package- Turnpurnluro  Range)  Vcci' 
C05e/7eHC  Typos 

2 

HI 

CD54/74HCT  Typos 

4.5 

mm 

DC  Input  or  Output  Voltage  Vi.  V0 

0 

v« 

V 

Operating  Temperature  TA: 

CQ74  Types 

-40 

*85 

C054  Types 

-55 

♦  125 

Input  Riso  and  Fall  Timos.  t„  It 

al  2  V 

0 

1000 

ns 

at  4.5  V 

0 

500 

ns 

at  6  V 

0 

400 

ns 

‘Unless  otherwise  specified,  all  voltages  are  referenced  to  Ground. 
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Technical  Data 


CD54/74HC373,  CD54/74HCT373 
CD54/74HC573,  CD54/74HCT573 


STATIC  ELECTRICAL  CHARACTERISTICS 


CD74HC3/3/CDS4MC3/3 

COP4MCSP3/COS4MCSP1 

CD74HCT373/COS4HCT37) 

C074HCT573/C0S4MCTS73 

TMI 

conditions 

74HC/34HC 

TYPC 

74MC 

TYP* 

J4MC 

type 

TIST 

CONDITIONS 

P4MCT/54MCT 

TYPt 

74MCT 

TYP* 

S4HCT 

TYPf 

CHARACTERISTICS 

1 

lo 

Vc< 

•35*  C 

•40/ 

•IJ*C 

•55/ 

•13S*C 

■ 

Vet 

*35*C 

.40/ 

•85*  C 

•53 

•135 

/ 

•c 

9 

mA 

0 

a 

g 

Min 

n 

H 

V 

Min 

a 

9 

Jjj 

9 

21 

a 

High-Level 

s 

m 

a 

3 

3 

1 

a 

t  5 

m 

4  s 

1 

9 

B 

■ 

■ 

Input  Voltage 

VM 

■ 

fi 

a 

a 

19 

3 

3  IS 

a 

I 

10 

3 

S 

9 

S 

9 

B 

a 

1 

Hi 

n 

a 

n 

a 

n 

a 

SS 

■ 

9 

■ 

Low-Levtl 

u 

■ 

■ 

a 

os 

a 

i 

3 

os 

4  5 

■ 

■ 

■ 

9 

■ 

Input  Voltage 

V, 

1 

■ 

a 

a 

EES 

a 

E 

m 

1  35 

- 

lo 

- 

fl 

fl 

9 

B 

9 

1 

. 

a 

n 

a 

m 

a 

a 

55 

fl 

■ 

■ 

9 

■ 

High-Level 

■ 

5 

a 

m 

a 

n 

a 

D 

a 

V* 

m 

■ 

i 

■ 

■ 

■ 

■ 

Output  Voltage 

V<X 

or 

0  02 

a 

m 

_ 

n 

- 

a 

_ 

Of 

3 

4  4 

9 

9 

9 

CMOS  Loads 

Vx 

n 

m 

_ 

_ 

m 

_ 

m 

_ 

V- 

■ 

■ 

9 

■ 

9 

■ 

■ 

Vo 

■ 

■ 

■ 

a 

a 

V« 

■ 

fl 

■ 

■ 

IU  Loads 

01 

■ 

4  5 
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0  03 

m 

_ 

a 

B 

a 

a 

HH 

wm 

B 

fl 

- 

Of 

B 

Of 

fl 

0 » 

CMOS  Loads 

V.. 
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■ 
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a 

a 

Bi 

fl 

■ 

a 

■ 

■ 

Input  Leakage 
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11 
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»« 
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Of 
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0 

6 

1 

V«« 

or 
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55 

8 

1 
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Cut  rant  par 

Input  Pm 
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* 
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55 
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pA 
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1 

fl 
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pA 
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HCT  INPUT  LOADINQ  TABLE 


INPUT 

UNIT  LOADS’ 

HCT373 

HCT573 

51 

mm 

1.25 

On 

■ 

0.3 

LE 

Km 

0.65 

‘  Unit  Load  I*  Alee  limit  ipecilled  In  Static 

Charactarlatlca  Chari,  e.9.,  360  pA  max.  @  25*  C. 
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Technical  Data 


CD54/74HC373,  CD54/74HCT373 
CD54/74HC573,  CD54/74HCT573 

SWITCHING  CHARACTERISTICS  (Vce  =  5  V,  Ta  =  2S*C,  Input  I*  I,  =  6  ns) 


CHARACTERISTIC 

Propagation  Delay 

Oala  lo  On  Output  (HC/HCT373) 

f#»o« 

(Fig.  3) 

t*»H. 

Oat*  to  On  Output  (HC/HCT573) 

1*1  N 

(Fig.  3) 

t*Ht 

l£  to  On  Output 

tPUi 

(Fig.  4) 

tf*»U. 

Output  Enabling  Time 

lea 

(Fig.  0.  7) 

Output  Olsabiing  Tima 

thu 

(Fig.  0.  7) 

t*ui 

Power  Dissipation  Capacitance  (HC/HCTS73.  373) 

C*o* 

TYPICAL  VALUES 

UNITS 

HC 

HCT 

12 

13 

ns 

14 

17 

ns 

14 

14 

ns 

12 

14 

ns 

12 

14 

na 

51  i 

S3 

PF 

'Cm  Otllinmi  the  no-load  dynamic  powor  consumption  per  latch.  II  is  obiainod  by  the  following  relationship; 
Pa  (lot*!  power  per  laicn)  •  v«’  I.  (Cm  •  Ci)  where  I.  ■  input  frequency. 

Ci  <  output  load  capacitance.  Vcc  *  supply  voltage 


PRE-REQUISITE  FOR  SWITCHING  FUNCTION 


CHARACTERISTIC 


CE  Pulse  Width 
(Fig.  3) 


TEST 

CONDITIONS 


LIMITS 


2 

S 

4  5 

5 

6 

S 

Technical  Data 


CD54/74HC373,  CD54/74HCT373 
CD54/74HC573,  CD54/74HCT573 


SWITCHING  CHARACTERISTICS  (Inpul  l„  I,  =  •  ns,  Ct  *  SO  pF) 
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Vcc 

V 

25' 

C 

•40* C  to  'IS* 

c 

•ss 

*C  to 

•12S 

•c 
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HC 
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m 

BB 

n 
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Max. 
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Max. 
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2 

5 

- 

5 

- 
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- 

- 

225 

9 

- 

Data  to  On 
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- 

30 

- 

32 

- 

36 

B 

40 

- 

45 

B 

48 

ns 

|  (Fig.  2)  HC/HCT373 
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— 

— 

38 

9 

— 
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2 

B 
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- 

B 

265 
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- 
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2 

— 
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- 

- 

B 

rm 

B 

- 

B 
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- 

- 
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- 

35 

- 

35 

B 

B 
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44 

B 

53 

53 

ns 

(Fig.  3) 
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B 
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— 
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a 
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- 

- 

B 
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B 

- 

fl 
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B 

- 
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4.5 

B 
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- 

35 

B 

38 

B 

44 

B 

45 

Ef 

53 

ns 

(Flga.  5  &  8) 

6 

9 

H 

— 

— 

B 

33 

B 

— 

9 

38 

91 

- 

Output  Disabling 

l<-u 

2 

- 
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- 

- 
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- 

- 
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- 

- 
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4.5 

- 
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- 
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- 
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- 
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- 

45 

- 

53 

ns 

(Figs.  5  16) 
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— 
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— 
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Co 

- 

20 

- 

20 

20 

- 

20 

- 

20 

- 

20 

pF 

— — _ Technical  Data 

CD54/74HC373,  CD54/74HCT373 
CD54/74HC573,  CD54/74HCT573 


INPUT  lcvCI - y  "  M 


DATA 
'PtM  “ 
On 


_  \  _ 

r  ^  _  \  -90% 

v*  wv*  /  \ 

V  ■  10%  WXJ; _ 


iicwrot 


S4/74HC 

S4/74HCT 

Input  Level 

Vcc 

3  V 

V. 

SOS  V« 

1.3  V 

Fig.  2  •  0#U  lo  0*  outpuf  prop«0«f/on  Otityi  tn<f  output 
ttintiUon  umtt. 


S4/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

V, 

50%  Vcc 

1.3  V 

Fig.  3  *  Latch  bit  propagation  dt/tyt. 


input  ieviL 


j  \_y  v 


»*<*•  jrti4 


S4/74HC 

54/74HCT 

Inpul  Level 

Vcc 

3  V 

V, 

50%  Vcc 

1.3  V 

Fig,  4  *  latch  anabla  praraquistfo  timas. 


INPUT  iCVCl  < 

51 


INPUT  tCVCL - y 

01  VS ' 


OUTPUT 
Q*  I  X 


»  *«  on...  m**. - L-ft^_n 

I-.,,,  S=[JTp$ 


INPUT 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

V, 

50%  Vcc 

1.3  V 

V, 

50%  Vcc 

1.3  V 

V. 

90%  Vcc 

90%  VCc 

Fig  5-  Throo  sttto  propagation  dalaya. 

Q  OUTPUT 


*’°T.r^  I  h- 

-JJ  ii0" 

INPUt  * - 1 


54/74HC 

54/74HCT 

Input  Level 

Vcc 

3  V 

Vt 

50%  Vee 

1.3  V 

V, 

50%  Vcc 

1.3  V 

V. 

10%  Vcc 

10%  Vcc 

Fig,  6  *  Thraa-stata  propagation  dalaya. 
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